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PREFACE 


This mtinngrnph contains a number of minor studies 
in the psychology of tone and music. They are rela¬ 
tively unrclateil except as they represent certain of the 
attempts of the writer in the years 19.i0, 1031, and 1932 
to work at the edges of the almost virgin field of 
musicoJtjgy. 

The Kwiilvvasser-Dykcma music test study was 
financed by a Stanford University grant, a portion of 
which came from the Laura Spelman Rockefeller Me¬ 
morial Foundation. 

The tuning of the reed organ mentioned in Section 
VIII was accomplished with the aid of a mechanician 
in the laboraitiry of Professor Dayttm C. Miller, of the 
Physics Department of Western Reserve University. 
The writer wishes to express his gratitude to Dr. 
Miller for his extreme kindness in this undertaking. 

Acknowledgment is due the Misses A, L. Car- 
midiacl and Lillian Sciiiick, wJio aided ij) the collec¬ 
tion of the dam reported in Chapter IX; Mr. W. Ci. 
Campbell, who should be mentioned ns having gath¬ 
ered the Kwalwasser-Dykcma test data for the fifth 
and eighth grades; Mr. and Mrs. Malcolm Campbell, 
who have carried nut many of tlie statistical computa¬ 
tions necessary in the music test sections; Dr. Quinn 
McNemar, who has given statistical advice on several 
occasions; and Dr. Roy Langford, who plnmied the 
apparatus (liAcu,sscd in the appendix, 

Paul R. Faunswouth 

.StANIDIUI tlsiVI-HfilTV 
CAMl'dllNIA 
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I 

A STUDY OF TMK liXTENT TO WHICH 
vSIMlLAR 'rOHAL ELEMENTS ARE AC- 
CKl’l'ED BY 'niREK DIFFEIU-Nl' AGE 
GROUPS' 

H. T. iVtaarc (26) has shown ihat increasing ac¬ 
quaintance with tonal combinations which were for¬ 
merly rated as bad or unpleasant tends to make them 
at least fairly acceptable. That is, there is an adjust¬ 
ment on the part of the person so that what was once 
rated as bad may on furthfir acquaintance be listed as 
good. Moore found this to be true in the laboratory, 
where the acquaintance period was quite short. 

Little is known experimentally concerning tliis prob¬ 
lem when actual life cniulitions arc involved, but it 
is supposed that tlie same rule holds as was found to he 
erne hr the /ahoratory. For c.varrrpfc, \vc fmd dyads 
and chords in use today which Inirmonists of the past 
would not have allowed. No tonal preference tests, 
however, were given in the past, so we have nothing 
to compare with our present findings. In ilic future, 
of course, we can repeat the tests of today, but so far 
this remains a problem for a subsequent time. 

If dangertius selective forces arc adequately con¬ 
trolled tJierc remains the possibility of tcstijig people 
who (lilTer in age and degree of musical sopliistication. 
The Kwalwasser plumograph tests of melodic and har- 

in p.in fU (he I'AII iiicclid^s of die WcMcrn l^VL’hnlnKi- 
Cid 
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monic sensitivity (19) lend themselves to such a prob¬ 
lem, These phonograph records present melodic and 
harmonic phrases which are to be rated as good (liked) 
or bad (disliked). They are easy to administer, even 
in the fifth grade. The present writer had been mak¬ 
ing a study of these tests (7), so had on hand data 
from fifth and eighth grades of San Jose, California, 
and from psychology classes made up of sophomore 
Stanford students. There was some reason to believe 
that the grade schools were musically above average. 
Several surveys have shown the Stanford students to 
be slightly below average musically in comparison 
with other colleges, as there is no school of music at¬ 
tached. 

The niirnber of B (bad) ratings was tabulated for 
each test for the three groups. 

TABLE 1 

vc-W -ik Sinntord 

' C In 0 in 

N D /ffp 100 M tr- N M ff N D/s-t, 100 

Melodic MeasilivUji 

17.6 2,7 m 1.+ 92. 17.a 3.1 202 lU 4.2 2S9 l.i lOO 

; ' Hormpnie Semiliv\ly 

2.0 98 IS.Q 3.9 202 11.7 4.6 259 8.4 I QQ 

kin the mclodic sensitivity test is, then, a critical 
ratio of h4 between scores from fifth and eighth grades 
between those fron:i the eighth 
grade;: apd the Stanford class. The corresponding 
valuesforthe harmonic sensitivity test are 2.0 and 8.4. 
Asredn be seen by the chances in lOQ, there is a Iiighly 
significarit difference between the scores from the 
eighth grade and the Stanford class and a difference 


STC'KlUS IS I’fiVCHfJKMfii' OI-’TIPNK ASH MUSIC 
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of less significance between the fifth and eighth grades. 
As each lest is 35 items Jong, the results for the har¬ 
mony test indicate ihat more “goods” were listed than 
"bads" by all llirce groups. The same Jiolds for mel¬ 
ody except in tlic case of the fifth-grade ratings where 
the "bads" sligiitly outnumber the "goods." 

TJic writer feels certain that these findings cannot 
be e.xplnined on Lite basis of musical selection. He 
also feels that the test reception was similar in the 
three groups. It is true that the younger subjects 
rendered a more nearly equal nuinber of "good” and 
"bad" ballots than did the adults. However, the lat¬ 
ter arc more test wise, so, if there was an intentional 
attempt to even up tlie number of "hads" uiul "goods,” 
one might expect the adults to do this. 

We seem left with the conclusion that these data tend 
to bear out (he theory chut by increasing his acquaint¬ 
ance with music a person becomes more tolerant, and 
so is more prone to classify (he elements as "good" or 
"acceptable.” 



II 

MUSICAL TALENT AND THE LEFT HAND^ 

In 1923, Mrs. M. L. Sikes (38), a piano and nr^an 
teacher who had had 22 years of icachiii^^ experience, 
reported that she was able to foretell subsequent success 
in music by the simple device of observing which liatid 
Was favored in musical performance. According to her 
notions, if the left is more favored than the right the 
beginner will he more likely to succeed than when the 
reverse is true. For example, when her own siniill 
talented son was told to play with one liand he used 
the left, The two Sikes daughters, who are piano 
teachers, also hold to these ideas* According to Mrs. 
Sikes, this fondness for the use of the left hniul has 
no corinectiori with left-handedneas. 

Recently, in connection with a different problem, 
the present writer had occasion to send questionnaires 
: to 300 of the leading music schools of the country. Re¬ 
turns were received from approximately SO per cent 
of them. One question asked was the following: 

Some years ago a piano and organ teacher wrriic an 
: article in which she said that she could predict who were 
to be the most successful of her students hy oliscrvinj* 

■which hand they most used as beginners. Have you (or 
has any member of your staff) found any tendency lor 
^ the more promising students to favor one hand? If so, 
"'''which hand? 

The vast majority of answerers claimed that there 
had been no such tendencies observed. On two returns 

'‘Reported in part m School Music^ 1932 (9). 

[ 10 ] 
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were facetious remarks to the e]Tct:t that it was to be 
hopeil the lady in question had fully recovered by this 
time. On several papers, however, there was this 
helpful ofTerin^: The majority of heginnin^^ students 
of jniisic are undmihtcdly right-jiaiuled, 'I’his means 
ll)at Ihcir rij^lu hands will more easily ac(]uire the 
skilled behaviors necessary for suct;c.ss/ul perfrjrmance. 
Most teachers anil teaching systems do not su/lkiently 
stress the extra drills needed by the left hands. 
Trouble is apt to develop later because of tliis defect, 
A student, however, who is more nearly ambidextrous 
does not need this extra stress. Me is, therefore, at a 
considerable advantage over the average right-liandcd 
individual. Mrs. Sikes may have been observing 
these ambidextrous people, Hince they were not de¬ 
finitely le/t-liandefl, she may have quite reasonably 
cotiL-lutled that the matter was not connected with 
ha ndedness. 

N(f artswcT /rernr the cfuestrVmnaff'c e.vpfrdns the case 
of the small Sikes son. Here, however, the present 
writer will hazard a guess or two. (1) May it not be 
that vSikes, like many individuals, was perhaps unduly 
impressed by the Imver piano notes, the ones with the 
greatest volume? These are struck by the fingers of 
the left hand. (2) In observing ambidextrous per¬ 
sons (wlio would employ their left hands more fre¬ 
quently than would right-handetl persons) may not 
Mrs. vSikes have been so impressed by tliis greater fre- 
(luency of left-hand performance tliat she neglected 
the perhaps equal number of right-hand activities? 
In our oliservaiions we notoriously neglect the negative 
instances. 
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A short time ago, Quinan (34, 3S), a psychiatrist, 
reported that sinistrals (people who cither throw balls 
with the left hands or have dominant left eyes)® are 
more often musicians than arc clCxtrals (people who 
either throw balls with the right hands or have domi¬ 
nant right eyes). Quinan's thesis is that aesthetes arc 
the more sinistral and sinistrals are the more psychotic. 
Thirty-two per cent of a group of lOQ professional 
musicians were found to be sinistrals. When this per¬ 
centage figure is compared with 26.1 tor college un¬ 
dergraduates, one may very well question the signi¬ 
ficance of the difference. 

Further data offered by Quinan are Enmewhat more 
Gdiiyincing, as the differences between the percentages 
are statistically reliable. Of 590 college dcxirals 23.8 
piSr cent could "play on a piano or other instrument.** 
Fhr 225 sinistrals the comparable figure was 41.3. Of 
the dexteal "tnusiciaas," 17.3 per cent preferred the 
violin while among the sinistrals the preference for 
this, instrument was 26,7. This difference is interest¬ 
ing as it is difficult to find an instrument in which more 
left-hand skill is necessary. 

■ Whether or not these speculations and apparent 
findings are accepted there remains the first point. 
Many teachers do not stress sufficiently the training of 
the left hand. An ambidextrous individual is, there- 
fote’i at a certain advantage as he proceeds towards his 
teGhrfical goals in music. 

,®Mcawrcd by asking the subject to sight n iiiatol at the tester. 



Ill 

A POSSIBLE SOCIAL FACTOR IN 
AIvS'ITIETIC RATINGS 

In clcmonsiratiiii^ to classes the various rating 
methods of recording preferences, the present writer 
has frequently presented material from phonograph 
records and Duo-Art rolls. He usually attempts to 
select an assortment of short pieces which will give a 
considerable range of preference. As a general rule, 
the class curves ;vhicli are obtained are decidedly uni- 
modal. However, when jazz compositions are con¬ 
sidered in company with so-called "good" music, the 
former most generally give either bimodal distribu¬ 
tions or flat curves which have no decided modes, The 
ratings for the jazz pieces are also prone to have the 
larger standard deviations. (At least these statements 
Jiavc prov'CfJ iruc with Sianiord studcnli.) 

A partial explanation for the di/Tercnccs seems to 
emerge when the subjects are carefully watched. Tlic 
students appear to take the rating job quite seriously 
and, in the main, to have little difliciilty in deciding 
where to mark the rating lines. On hearing the jazz, 
however, sitiiles frequently occur. These arc often 
followed by aiulihle laughter. The writer has ob¬ 
served that when one of these jazz pieces has just been 
played a number of subjects check or have hands 
in readiness to check the "very pleasant" portion of 
the lines, and then, at the outburst of laughter, erase 
the check marks and mark the lines nearer the "very 

EI3] 
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unpleasant" ends. This hesitant behavior seems much 
less frequent when other types of comptmiUms are 
being considered, 

This observation is, of course, subjective in the 
extreme. However, its scientific value might be con¬ 
sidered aa somewhat strengthened by two lads: (1) two 
of the writer's students who were acting as observers 
independently noted the phenomenon j and (2) the 
finding that there were more obvious erasures on tlie 
response lines on which jazz pieces had been rated 
(sufficient difference to be interesting, but not statisti¬ 
cally reliable, D/a^, 2.0), 

This matter might be of considerable importance in 
a study such as that of Trabue and Moler (4.3), in 
which a scale of "proper" responses to music was de¬ 
vised. The battery of pieces to be judged included 
both-"approved" and jazz compositions, 

Of course, it must be admitted that one cannot be 
absolutely certain that the laughter and erasures, or 
the laughter and the indecision, are causally related. 
Yet it would seem that if such a social factor should be 
operative it would be next to impossible to obtain a 
valid statement of the relative preferences toward jazz 
and so-called "good" mu.sic. 



IV 


A NOTE ON NOISE, DISSONANCE, AND 
PLEASURE 

The acceptance of modern definitions of pleasure, 
agrecablcjiess, plcasantncM, and the like should alter 
most radically the altitudes of the harmonists and 
psychologists towards noise and dissonance.^ Plistori- 
cally, these phenomena of music have been considered 
per sc unpleasant. Even C, S. Myers (2H), notwith¬ 
standing his experiences in the field of musical cthnoL 
ogyj is guilty of the following statements taken from 
his generally exccllenl: book, A Tcxl-Book of Expert- 
menial Psychology: (1) "Certainly in their purest 
form, noise and tone arc fundamentally difTcrent cX' 
perienccs. The one is nnpletisanl!^ I'ough, irregular, 
and diflicult to analyse, the other is plensnni^' smooth, 
regular and relatively simple" (p. 26). (2) "There 
is hence a very strong tendency for octaves, and a di¬ 
minishing tendency for fifths, fourths, thirds, and 
sixths, to pi'oducc an apparently single tone sensation. 
This blending or fusion of simultaneous tones corre¬ 
sponds in degree precisely with the recognized order 
of 'consonance' or agreeablenessj' of the intervals in 
music. The octave is the most perfect consonance, of 
course excepting unison. Then follows the fifth, next 
the fourth, anil lastly the major and minor thirds and 
sixths" (p. 46). 

■•See fuoinolc 6. 

|irc.st!HL Avritcr is rcspnirsillli: liir tIjD italics. 
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It is, of course, true that there arc nuises which arc 
not desired in the majority of musical compositions. 
The same, however, is true of certain tones. There 
are other noises wanted for special effects. Each type 
of instrument has Ua own specific noises wiucli help 
to make its timbre. To eliminate them is to alter or 
perhaps even to lose the peculiar pleasure one gets 
from listening to the instrument. Myers mentions the 
noise effect to be obtained "by pressing two long hoards 
On the keys of the pianoforte, so ns to strike a scries of 
neighbouring black and white notes simultaneously" 
(p. 25), A similar procedure is now undertaken in 
ultra-modern music, It has been popularized by the 
composer Henry Cowell under the name "tone clus¬ 
ter." The board of Myers' experiment is replaced by 
the flat of the hand and the arm. Melodies and har¬ 
monies ate produced out of these tUatoniu and chro- 
riiatic cluaters. To the uninitiated the affect may be 
one of unpleasantness. To one who hfts heard much 
of it, the affect is frequently one of extreme pleasure,“ 
i. tv, he wishes to hear more of it, says he is "thrilled" 
by it, "stimulated," etc. In fact, many listeners claim 
to have enjoyed such music the very first time they had 
the opportunity to hear it. The present writer has 
watched a number who gave overt evidence of so doing. 
Now, of course, the musically sophisticated may claim 
that: tone clusters have no place in real music. But 
how cah the pleasure be explained awny? 


The psychological system of Woodwortli (4fl) is probably typi¬ 
cal ot prfisent-day thcoTy. For him, ‘Tlcnanritiuss is the gcncriil set 
or eeping the situatba as it is, unplcRBRntac&a is the General set 
lor getting nd of the situation" (p. 285). 
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The point hns been inadc that for Myers consonance 
is the equivalent of ajjrceablcncss. This view is must 
certainly an erroneous one although the fusion series 
did possibly agree with the order (Jf pleasure in ancient 
times. Hut even in the Middle Ages tlie firth was ap¬ 
parently the most preferred. Now, as many experi¬ 
ments demonstrate, the thirds have won, temporarily at 
leastj in the preference rate, 

In consideration of these points, let us modernize 
our conceptions of the musical utility of noise and 
dissonance and of tbeir rclaiions to pleasure, They not 
only furnish contrasts to consonant music, but on occa¬ 
sion, even without the aid of the latter, they induce 
considerable pleasure. 



V 

CONCERNING CROSS RHYTHMS'« 

There are certain music compositions in which two 
different times are employed simultaneously. One 
hand, for example, may be lorccd to play 6 quarter 
notes while the other is playing 7.® Such occur¬ 
rences are occasionally met with in accepted nccideniai 
music and are, quite frequent in ulira-niodcrn music. 
Henry Cowell's compositions may be taken to illus¬ 
trate the latter. As examples of the former, Mac- 
Dowell’s Traffic Sonata and Chopin's Nocturne in Db 
may be mentioned, 

In the autumn of 1930 the present writer sent nut a 
questionnaire to 300 of the leading music schotJls of the 
country. Returns were received from approximately 
50 per cent of them. One portion of the questionnaire 
was phrased as follows*. 


'^Reportc.d in part at the 1931 incelings of tl^c American I'sy- 
choJoiical Association nnti in School Muiic (lOn). 

®The t£rm "'cross iKythrti" mity not be tiic best IcrtU pu^^^iblc to 
express what the writer wishes to discus. However, a pcruKal of 
musical dictionaries anti discussions wth musicians slmwcil tiiat there 
was only moderate uniformity of usage when ilems cunccrniiiK time 
arc involved. An analysis of the questionnaire returns indicated 
quite clearly that only two answerers were discussins what is men¬ 
tioned in tootnolB 3. 


"Thu is to be distinpished from conditions in wliieli the hne 
are played simultancDUsly, but with diilcrcnt accents; 

Xx X X xxXxxX:(xX 

T™! A I' "" «»;icccnicd one; V a second 

accented tone and y the same unaccented, 


[IB] 
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Knr llic past nmnlh'i rtt^rarch work lus been car* 
riciJ f.»n al Sian/Mril im ilic proltlntis vl ilic sit/iuI/t?fteoui 
rcrn/rVf'nri nf fwo ibYlVrrnf dViirf*. Xirnrp (/ic question has 
ariM'ii of flip prrvrtlrnire of d'nip abilitie®, you will great¬ 
ly ubliuc me il you aiuwer (lirse. queMiorh: 

1. Uii you cive ^|K'yi;il atfeiUion to llic tramiiut 
lime aliiliiies hi the eMriii of ieai:liini{ ibe .siuilriii lo 
ui play in 2 /A limr. wiih one band and d/4 with ilic 
iiilicr? If Ml. wlial .Kpecilie abilitirii arc lauKbl besides 
ibe onei4 mmiiunnl? Underline your answera; 

•)/4 ai’ainsi 4/4; 2/4 ai'ainsi 5/4; 2/4 a^;ninsi 5/4; 

2/4 Hp^ainsi 7/4; 2/4 ajiainM 7/4; 5/4 sij^ainsl 7/4. 

Add Ollier eoiiipIcxiuVs if (.iukIu. 

2. \V)iai: pcrteniaue uf mo.'.iei.ins (ic.icbcns and per¬ 
formers) do you nimibly Chiinmtc can beat out 2/4 
lime wiib one hand and 3/4 svlih ibc oilier? 

3/4 a^ainsi 4/4? 2/4 anainsi 5/4? 3/4 auainst 5/4? 

2/4 siKainsi 7/4? 3/4 ai^ainst 7/4? 5/4 tiyinirist 7/4? 

The majority of the returns were in the form of let¬ 
ters. This rather successfully ruined any possibility 
of mathematical ircatmeiu of the answers so no dcfiniie 
informatiiJM was obtained from Quesiion 2. At least 
a few conefusions, larj^ely of a qualitative nature, can 
he drawn from the answers lo ilie first question: 

1. 'rhe majority of the conservatories and schools 
of music from which returns were received offer no 
special traininj; in ihe mastery of cross rhytlims. It 
is assumed that the student will be able to develop the 
necessary techniijiies ns iJiey are needed, 

2. A considerable numher of institutions do train 
their students in the mastery of die simple cross rhy¬ 
thms, 2 af^^aiiist 3, 3 af;ainst 4, 2 aKuinst !), etc. vSevcral 
somewhat dilTereiu mediods are employed : 

fi- 'rhere is the kinaesiheiic method in which the 
liands or flnircrs (or sometimes other members) arc sep- 
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arately ttained in hvo or more rhyihiiis. The several 
members are then forced to beat out the limes together. 
Jaques-Dalcroze and his system of curhyiiimics (17) 
have made this method quite famous. In anoilicr ar- 
ticlcj W. F. Poynter and tlic writer (12) have de¬ 
scribed their study of the abilities of Arthur Mard- 
casde, a performer and composer of ultra-modern 
music. Hardcastle employed the kinacsihetic method 
with considerable accuracy and to some c.\ie(it made 
use of the counting method which is discussed in the 
next paragraph. 

h. In the counting method,'® the subject counts in 
himself the least common multiple (or Iraction ol this) 
of the cross rhythms to be played. The example is 
given below of 2 against 3. One hand is played on (he 
first, third, and fifth counts and the other on the first 
and fourth. 

6ne hitnd Oiher harttl 

5. 1 * 

2 

I 3 

4 « 

I 5 

6 

I 1 I 

‘When the multiple becomes large it can be split into 
parts. The example is given of 3 against S. One hand 
ispkyed on the first and fourth counts of the first group 
of 5, on the second and fifth counts of the second group, 
and oft the third of the third group. The other haiul 
is played on the first count of each group of 5. 

in'thS! (47^" ^ nictlmil ciin lie fmirul 
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I I t 

2 
3 

i -I 

5 

1 : 

t 2 

3 
•I 

i 5 

J. t 

2 

9 3 

4 

5 

S 1 I 

When the playing of the ultra-modern toinposerf 
Henry Cowell, was analy/.etl it was found that lie was 
employing this method. 

c. There arc various mixtures and modifications of 
these methods, For example, one teacher sets the met¬ 
ronome to beating one rhythm which lie imitates by the 
kinriesihet/c mcihtftl while he cmi/iis out a cJi/Tcrcnt 
rhythm with the other hand. Another teacher attempts 
to coordinate two rhytlims visually by means of posi¬ 
tions on a line. 

The present writer has developed a method whicli 
probably cannot be classified into any of the above 
three groups. Blank player-piano rolls arc punched 
so that one temporal rate is presented by playing a suc¬ 
cession of similar notes, say middle c’s, and a second 
rate by a succession of strikes on some other tone, say the 
f/ above. U’lie subject listens to these, and attempts to 
accompany them on some other area of the keyboard. 
He gets an aiidiioiy Gestalt, as it were, of the imtes. 
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By watching the stimulus keys as they arc autnniatical- 
ly daptessed) he adds visual cues. As a variation in 
procedure he may even rest his fingers on liic svimulus 
keys (having first regulated the lever which keeps ihc 
keys from depressing) and perceive ilic tliuuips." 

Henry Cowell, the composer, has recently devdoped 
the "rhythmicon" (with the aid of 'rhcremiri, the fa- 
mous New York City electrical engineer). lie based 
it on the writer's Gestalt idea, alihtnigh hi^ purpose 
was somewhat different. By balding down keys, 
pitches are auloinalicnlly repeated at certain fixed rates 
of speed. For example, if tlic tone c is sounded twice 
in a unit of time, g will be sounded three times in the 
same unit. In this manner cross rbythins up to the 
complexity of 15 to 16 can be offered. The insirunieiu 
can present any of these rhytlims, or all at mice if de¬ 
sired, The underlying principle is that of the jduiKi' 
electric cell. Both the pitches and tlic absolute times 
ca,a he regulated, Cowell has developed ibis iustru- 
ment-both for demonstrational purposes and as an nc- 
companiment for certain of hia piano and orchestral 
compositions, 

Although no good quantitative study has or perhaps 
can be made of the relative efficiency of the mctliods 
of teaching cross rhythms, certain advantages ami dis¬ 
advantages might be suggested: (1) Since, in the 
Kinaesthetic method, the subject has usually trained his 
bands an only two speeds, he may have diniculiv in 
altering the relative speeds of his cross rhythms. This 









STUDIhS IS I'SVCIIOl^V OF TONE AND MUSIC 


23 


is not true when the cniinting iticihocl is emplciyecl. (2) 
The former would appear ihc beiier of the two when 
jiiore than two cross rhylhnis arc to be played at the 
same time. (.1) An objeciinn which a musician 
friend lias raised lo ihc Gestalt method rests in tlie pos¬ 
sibility that the subject way perceive the cross rhythms 
as 0 / 0 ? complicated pattern. However, it is dillicult to 
see how the oilier methmls avoid this dlfliculiy if it 
exists. (4) I'roin his own experience and that of 
several siudenis, the writer feels that the Gestalt 
method will be found to be the most eniciem in terms 
of lime to learn. (5) '^I'raini/ig in bfulintj out notes 
may not carry over to (he rendition of conifficnfer/ 
nitisic. The writer lias no answer to this objection at 
prescril. 



VI 


DYAD PREFERENCEvS IN TERMS OF 
SIGMA UNITS 

A. CHROMATIC Dyads (SiMU»;rANEOi)s) 

In 1928 Guilford (15) proposed a inciUod whereby 
preferences could be expressed ia terms of sit^rna uniis. 
Several years later, T. L. ChichizuU anti the present 
writer (11) employed the procedure to ascertain pref¬ 
erences for small areas of color; more icceiuly still, 
the present writer (10) has studied rectangle prefer¬ 
ences by Its aid. In this study, similar work has been 
done with tonal dyada, 

Eightydour Stanford students from classes in ele¬ 
mentary psychology served ns subjects. The stimuli 
were given by a Duo-Art reproducing piano set at louil 
intensity. Each stimulus had as its bass the b below 
niiddle c, The piano was tuned in equal tempera¬ 
ment, Each dyad was sounded for about Z seconds 
with a 2-second interval bct\yccn. There was a 5* 
second interval between successive pairs. The direc¬ 
tions were as follows: 

You are to heat 132 pairs of iVymls [2 notes plnycd 
together like a chord). Alter the rendition ol a pair 
you are to decide which member is the marc jileasiint. 

If it is the first, record in the space provided lor il; 

- if it is the second, record "2.** If you don’t know wliicli 
you. prefer, guess, 

A rest of 10 minutes was allowed after the first 66 jiaii's 
had been presented. 


[ 24 ) 
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Fallowing ihc Guilford system, the stimuli were 
presented in a random order by the paircd-compari- 
sons nicLliod (as can be seen by the above paragraph). 
The 12 dyads were paired two ways so that each mem¬ 
ber would have an oppnriuniiy lo be presented Ilrst. 

The resultant rank order correlated almost perfect¬ 
ly (rho, .97) with the order given by Foster and Tinker 
(13). 'I'hc former preference order correlated .66 
with Stumpf's fusion series (-39). In the color experi¬ 
ment mentioned above (II) the preferences ranged 
from d .HO to —.52 in terms of sigma units. In this 
study tlic values ranged from ^.64 to —.95. 

'FAULK 2 
Chromatic Dvads 


Oyad (liiriir 


Majiir jril 

-Kr.l 

Wioor 3rd 


Minor 6ili 

•f.36 

Ponrili 

■h.3C 



Mnjiir rail 
'rriinnc 


H'.20 


d%20 

Major 2oil 

—.33 

Minor 7ili 

—.39 

Major 7rli 

—.34 

Nliiior 2nd 

—.95 


•Till* rniik iirilcr dues nnl itfcnsarily mean ihat each dyad is pre¬ 
ferred to the one itniiieitiately below it in llic rank, Aiiulyscii of 
t)ic dala indicate tliat a preference over the nci'alibor immediately 
beluM' in rank is gcnft'ftKy, but not always, found to he the ease. 

We can only speculate on the preference ranks of the 
past. There may have been a time, as many tlicoreti- 
ciaivs believe, when the octave, fourth, and fifth were 
the most preferred dyads. IJowever, we can be more 
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certain of future rankings. In the writer’s opinion 
some such experiment should be repented from time 
to time to record possible preference clianges. Tcm 
of the preferences of musicians and other non-student 
groups should be made as well. 

B. Chromatic Dvads (SuccRsiSivi:) 

The writer constructed a second roll wliich presented 
broken dyads, e.g., b and then c dj. h and then d. The 
melody sequence was invariably up. Fur example, the 
major third was always played as b and the next hij^her 
d*—never the reverse, Each tone was auunded fur I 
second. There was a l^-sccond period between Lone 
members of a pair, and 2 seconds between the pairs 
to be compared. Five seconds elapsed between items. 
The dyads were presented in the order employed in 
Section. A. 

The rank-order correlation between the preferences 
far the broken and those for the aimuUancously playerl 
was only .40. However, the preferences for these 
broken dyads correlated with the fusion scries t)f 
Stumpf (39) with a value of ,84. This apparently 
means that with such broken dyads fusion and pref¬ 
erence have much more in common than they liavc 
where simultaneously rendered dyads arc concerned 
(rho equaled ,66 in the Utter ease). 

C, Quar.teu-Tone Dyads 

Although certain of the oriental peoples have Jung 
employed divisions of the octave cotisidcrahly smaller 
than the semitone, occidental musicians have been slow 
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in accepting these small intervals. For some time, 
however, a number of the European conservatories 
(Prague, Budapest) have paid considerable attention 
to quarter-tones. The situation in America has been 
quite clifTcrcnt. According to Grace Ovcrniycf (30), 
"There are no records of fractional tone experiments 
in the United b'latcs earlier than 1924." I'his state¬ 
ment is decidedly in error, as in 1902 Max Meyer con¬ 
structed a quarter-tone harmonium (the very instru¬ 
ment employed in the present study). The construc¬ 
tion of the organ was followed shortly by two articles 
concerning quarter-tone music (23, 25) and a number 
of addresses before music groups. Tliat quarter-tone 
music should be perfectly feasible*’ has been shown by 
Pratt (.12,11), who has written: “It is necessary to cal¬ 
culate . . . on the basis of the theory of probability, 
that smallest value of interval which will be perceived 
as different 100 per cent of the time. 'Phis value comes 
out just above 50 cents ... It would, tliereforc, be 
theoretically feasible to double our present cliromatic 
scale so tliiU it would comprise twenty-four quarter- 
tones instead of twelve semitones.*"^ In America no 
great enthusiasm jor quarter-tones has followed Mey¬ 
er's pioneering work. 

At the suggestion of Meyer, the prcsc/it writer was 
loaned the above-mentioned harmonium by tlie Uni¬ 
versity of Missouri. The organ lias two manuals 
formed by splitting each key in two. The upper man- 


'^IJih}i ;iM(J (J) ilint it n'lis ijuiic 

to enjoy moiiII intervals. 

*’'Sce alM) l'i'jkU‘s new bonk (.13). 
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ual is tuned a quarter-tone above the lower. A more 
detailed description of the manual and its picture may 
be found in The MuslcMs ArUhmeiir f24|. Tlie 
instrument is now tuned in even icnipcraincnt with 
middle c at 256 d.v. 

Twenty-eight subjects from a class in expcrimcmal 
psychology served as subjects for a preference lest. The 
method of paired comparisons was used, neccssiuting 
the tremendous number of SS2 stimulus pairs jji (»-l) 


where n equals the 24 quarter-tones]. Alllujugh the 
subjects appeared to be a very coupcraiivc group, the 
Stimuli were divided and given on four scparnic days 


to avoid undue fatigue and ennui. The pitch range 
was identical with that of Section A, The CJuilford 
method of obtaining the preferences in icrma of sigma 
; TADLEa 

^ Quartrr-Tonb Prbpbrhkcb.s 


Range (n Q, T,. _Value in siifma uniu 

' 2 Minor second -"-.IS 

-.-VJ 

+ Major eecond .-...17 

■f 4.0C 

6 Minor Third 

" +.ii 

B Major Ihlril 4.6,1 


Trltoac 


Minor olxlh 
Major liaib 
Minor oevcniU 
Major aeveniK 
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units was employed. It is interesting to note that the 
two lowest preference points occur on the chromatic 
scale. If the preference values are plotted and the re¬ 
sultant curve is smoothed, it will be seen considerably 
to resemble the curve for the chromaiic-dyacl prefer¬ 
ences. 

A rank correlation was run between the preference 
standing in vSeciion A and the corresponding status of 
the chromatic dyads of this experiment. The value 
was found to be .85, a high value considering the pres¬ 
ence of the quarter-tones, the different subjects, and the 
dilTerent timbre of the stimuli. 

In 1928 Guthrie and Morrill" (16) studied, among 
other matters, the degree of pleasantness of certain in¬ 
tervals. The pitches extended from 395 v. s. to 615 
V. s. at intervals of 5 v. s. They were rendered by 
Stern variators. Tlic degree of pleasantness was 
judged by the percentage of 372 subjects that reported 
the dyad in quesfion pfeasant. 2Vovv certain of fhese 
intervals approximate rather inaccurately the quarter- 
tone dyads. Their relative standing has been corre¬ 
lated against the standing of the quarter-tones in the 
present study. The resultant rho was ,75. I'his is 
surprisingly liigh in consideration of the diflcrences in 
methodology and dyad intonations, 

In 1927, Briies (3)" studied the fusion values of 

*■*111 the Gudiric-Morritl slmly one Tunis die quarter-loiics classi¬ 
fied as "nriM-iiiiiMVal" rriiervals. In ciirisuiciadiMi rif iiricntal and 
certain coiiU'iiipurary ICuropcail muKic, this description slinuld be 
nbnndoncd. At least iliiji is the opiniun of the present writer. 

^’’Saine. criticism nf the use of llu; lorin “luin-musicid" ns in 
Guthrie-Morrill experiment. 
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quarter tones presented by Stern variators to a few well- 
trained observers. Fusion was defined as unitariness. 
Bruea's fusion ranks from the 24 quarter-tones and the 
preference ranks of the present study correlaieil at .49. 
The si^e of this value indicates at least slij^lu cor¬ 
respondence. 

For many years Max Meyer has been a champion of 
the idea that habituation is not a very important factor 
in the formation of preferences (24). In this battle 
he has been decidedly on the miaorily side.'* Now the 
present writer has no desire to enter this discussion 
■with his data on quarter-tones, which appear to him 
as favoring neither of the camps. Of course, the fact 
that a fe-w of the quarter-tones were far better received 
than were certain of the standard intervals mij'ht be 
taken to indicate that habituation was relatively unim¬ 
portant. On the other hand, a number of the subjects 
claimed that the quarter-tones frequently called to 
mind, elo^tly related ehTomallc or diatonic IntcrvaU. 
Thisj it was believed, might have tended to a/Tcct tiu' 
preference values, Were one testing an imaginary 
subject who had never heard chromatic or diatonic in¬ 
tervals, the quarter-tone preferences might have been 
amaller than was the case in this experiment. 

Be all this theorizing as it may, the fact remains tlint 
the quarter-tones did receive relatively high preference 

of *he non-muaical subjects" 
expressed surprise that “such nice sounds" had so far 
comributed so little to occidental music. 

^ published attack on Meyer's views see rclercnce 

w\). 

^■^Although "non-musical” in the sense tiiat tlicy knew little con¬ 
cerning musical theory, these subjects couUl diatinguisli the aunrier- 
tones trgm their respective traditionaUv approved neighbors. 



VII 


THE PLAYEIMMANO AN A PON.SIHLE AID 
IN TEACHING 

AVitli th^ air] of ;i piiiicli, a hammer, anrl simie blank 
playcr-piano rolls, a mechanically iiicliiicil music 
teacher can make almost any number of musical train- 
injr devices. He needs merely lu measure the proper 
distances on the rolls, and hammer away. The writer 
has cansirucicd a number of such training aids which 
seem to him to have a certain amount of value. They 
are not tests in any strict or fannal sense of the word. 
Their validities and reliabilities will probably be 
found to fluctuate somewhat in the various situations 
in which they might prove of use. 

/L iNTKKVAb Rt-aHiiNITKIN 

On the first tiuartcr of the roll the 12 chromatic in¬ 
tervals appear twice in a conlusc<l order. They ap¬ 
pear always as simultaneously played dyads with a bass 
on middle c, I’lic sectjrnl quarter of the roll is similar 
to the first except that the intervals occur as successively 
played (broken) dyads. The third section is similar 
to the first except that middle c is no longer the exclu¬ 
sive bass. The last section is similar to tlic third ex¬ 
cept that (he interv'als arc played as successive dyads. 
In the various .sections the letter notations are marked 
beside ihc stimulii.s holes on the roll, 

'The roll has at least the following uses: (1) I'hc 
subject may lislen to the intervals and watch the dc- 

m 
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pressLon oi the piano keys. He may thus associate (he 
sound oi the intervals and the keys to he employed, 
(2) The subject may listen lo the intervals and watch 
the letters as the roll passes by. This creates the possi¬ 
bility of associating the sound of the intervals and ilie 
corresponding letter noiaiion. This use may he com¬ 
bined with use number 1. (3) The depressor aciiDii 

of the instrument may he locked so that iltc auumuitic 
playing of the keys is not visible. Then in the first half 
of the test the subject may place his liiiKcrs on ilic 
proper keys. In the last half of the test this procedure 
may prove to be quite difficult. Thus, at first the sulv 
ject may recognize merely the intervals, uiid liiiKer 
them as though they were in the octave of middle e 
with this as the bass. Later on, his skill niay be suHv 
cient to finger the notes he hears. (4) Instead of 
fingering the notes, the subject may write down the in¬ 
terval names or the bounding letters. (5) 'I’lie roll 
may be employed in drilling letter names or syniboU 
in the tonic sot-fa system. It may be played ;u any 
desired speed—slowly at first and then faster as the 
subject develops proficiency. 

B . Chord Analysis 

The roll starts with samples of the major chord in 
all three positions. Following these arc samples of 
the three positions of the minor chord, and finally a 
sample of the whole tone chord. These arc all 
bounded on the bass by middle c. The actual test be¬ 
gins at this paint. Picstj the three pmitinns of \bu 
major and minor chords appear twice and the wliulc 
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lonc chord appears three limes in a mixed order, all 
starling on ihe e above middle r. Fificen cliorda are 
presented in all. 'Fhe second half of the roll is precise¬ 
ly the same as the first except ihai here the chords are 
broken. 'I'lic chord names arc written on the roll in 
the proper places. 

Among the pnssililc uses for tliis roll are the foUciw- 
ing: (I) As a test of chord knowledge, tlie child 
may be iidd the names of the samples any desired num¬ 
ber of times. Then the real test is taken, and the child's 
knowledge is ascertained. (2) It is a common pro¬ 
cedure for the teacher to call off the names of the 
chords as he plays them and to teach the child to asso¬ 
ciate the chord names and the sounds or piano posi¬ 
tions of die tones. If this roll is used, tlic child may 
read the correct names from the roll as it is being 
played, (.1) He may also watch the automatic de¬ 
pression of tile piano keys. 

0. CoNmohor Tiafi- 

A series of rhythmic patterns is played over and 
over again. The subject accompanies the roll an oc¬ 
tave higher. After a time the music ceases, but the 
roll continues moving, and the subject keeps on playing. 
After a certain number of repetitions be stops the in¬ 
strument, opcMis the slides, and sees on the roll the ex¬ 
tent of his time error. This is accomplished mechani¬ 
cally by liguring at what point on the roll a hole would 
have been punclied if the instrument were still to ac- 
comp.any the player say 10 measures after the mechani¬ 
cal playing really did stop. A mark is placed on the 
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roll fit this paint with other marks ai K'vcn distances 
on either side. (A weak point in the procedure is that 
the subject may vary in Uii rate wl speed Iml Uc sulR- 
clently fortunate to have his errors cancel. In iliis way 
he could arrive on time, as it were.) The function of 
this roU quite obviously is to sircngihen the subject's 

time control. 

D. PERCEmoH OF Time Chanoes 

' This foil presents a scries of tones at a cnnsiant speed. 
After a while the time accelerates or becomes slower. 
The subject is to stop the instrument when be licat dis- 
bbvefs the change, and to open the slides to view on the 
f|U the degfee of Correctness o( his responses. A 
check has been rnatle on the roll to correspond wiili ihe 
pdinf at! ■which the* tihiG first changes, 

The fact ihftt the writer and one student became 
quite skilled at manipulating this roll may nut neces¬ 
sarily mean that their time limena were altered. [See 
Seashore (37), on this,] The present writer does not 
wish to discuss this much-debated point. He readily 
grants that the utility of this '^aid‘* is in question, A 
description of it is given mainly because it is a most 
amusing toy. 

£1. Resolutions 

The diatonic scale in the key of c is played both as¬ 
cending arid descending. This U followed by a series 
of ;two-tone sequences in pairs, such as c-^, and h-c; 
a~f, md j-g. By this method, that o( paired compari- 
sons, each: possible two-tone diatonic sequence is com- 




SH;pl[iS IN I'SYCHOUKiV DFTONB ANU MUSIC 


35 


pared with every other. The subjects arc asked each 
time to judge which of the two sequences is the more "at 
rest" or "finished.'' The roll may be employed to 
drive home the resolutions deemed proper. 'Fhis may 
be facilitated by marking the "correct" answers on the 
roil. "I’hus, the student may see the answer as lie listens 
to the stimuli. He may also be tested from time to 
time. 

From this discussion the reader sliould not conclude 
that the present writer feels that all music students 
should necessarily agree with the traditional harmonists 
in the matter of resolutions. In this day of atonic music, 
certain teachers may wish to keep their students from 
accepting too quickly the standards of the past. One's 
decision in this matter will probably rest on the par¬ 
ticular philo^opliy of music adopted, 

F. DiFin-uKKThv Accented hut Simultaneously 
Rendered Tones 

It was previously pointed out that one occasionally 
meets the phenomenon of differently accented but sim¬ 
ultaneously rendered tones. Let the following be an 
example: 

X X X X X X X X X X X X X 
YyyyYyyyYyyyX 

in which X is an accented tone, x the same tone unac¬ 
cented, Y a (lifTereat accented tone, and y the same tone 
unaccented. The methods mentioned in Chapter V 
might conceivably serve for this problem alihougb 
their relative cflicacies are not known. 
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The preaent writer has constructed a roll which 
presents the complexities 2 against 3. 3 againiit 4, anil 
2 3, and 4 against S. Such a tool can he easily made 
from a Duo-Art roll by virtue of tlic theme coturnl this 
mechanical player possesses. This Gestalt methotl im¬ 
presses the writer as worth while. However^ he real¬ 
izes that, in the last analysis, trained music teachers 
must decide on its worth. 

G. Playing Rolls DACKU-Ann 

It is a simple matter to rewind a roll so that the music 
is presented from the end to the beginning instead uf 
in the more natural order. Such a procedure has its 
values. The unusual effects obtained by backward 
renditions act as exaggecators of normal cITccls much 
as abnormal behavior caricatures die normal. (PluinO' 
graph records can also he played backward by simple 
alterations in the wiring of the phonograph mcclianism, 

, Phenomena similar to those gotten from the rolls can 
be obtained. The use of the backward-plnying phono¬ 
graph might also prove important in studying speech). 

H, Mirror Invursions 

Another trick possible with a player-piano roll is 
that of turning around the roll as it is inserted in its 
slot so that the soprano portions arc played in the bass 
and the bass in the soprano. The elTcct is as if a 
inirror;iriversion of the Rotes had been made. At tlic 
moment the author can imagine no educational func¬ 
tion for this procedure, but offers It in the hope that 
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some noble use may eventuate. It is possible to play 
the roll backwani anil invert it at (be same time. When 
misusinj^f the roll care must be taken to keep it from 
rewinding. This it is likely to do as the rewind slot 
may on occasion be activated by holes whose lunctions 
arc quite ditrerent in tlic normal perforniancc. Quite 
annoying is the fact that after a rendition tiic roll must 
either be rewound by hand ur he pulled from the 
lower roll rack, he replaced in its normal rewind posi- 
tiorij and be rewound while the motor button is being 
forcibly held our. 

1. A PkCKtF That Tiiti Enginkl-r Should Take 
INTO Account His Sunjtcrrs’ Ursi’onsics 

If is frequently convenient for the psychologist to 
have at hand illustrations proving the fact that the 
engineer sliuuhl attend to psj'chological responses as 
much as to the physical stimuli. At least he should not 
neglect the response side of his problems. Duo-Art 
Demonstration Roll S-293S furnishes such an illustra¬ 
tion. 

This roll was made to display the Duo-Art's many 
wonders. Among these is the alleged superiority of 
its loudness controls over those of its competitors. It 
offers 16 different intensities of hammer strokes, con¬ 
siderably more tlian does cither of its two chief rivals. 
These intensities are presented at the beginning of the 
demonstration roll by the appearance of 3 tones of 
number 1 iniensiiy, then 3 of number 2 intensity, 3 of 
numlicr 3, etc. 

It was decidcti to ascertain by tlic use of this roll the 
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relative perceptibilities of these inicnsiiy stimuli, lo 
learn, in fact, whether or not ihere were 16 ctiually 
perceptible loudnesses. To do this it was necessary 
to prevent the subjects (two groups, one of and an¬ 
other of 45 from classes in elementary psyclifdo^-) 
from knowing that each set of three tones was at a dif¬ 
ferent intensity. The piano had just been overhauled 
by a Duo-Art expert and declared to be as good as 
new. 

The directions were as follows: 

You will hear a series of 48 tones grouped in direes. 

Each grou|) of 3 ma/ or may not dilTcr in loudricM frciiu 
the preceding. If it scema louder llinn the preceJing 
group put a check mark opposiie it in the proper space 
on the blank provided you. 

The experimenter played the roll at '^limc 30,” anti 
at "normal" intensity. To keep the subjects from los¬ 
ing their pUces he held up a aeries of numbered cards, 
a number 1 while the first group was being played, 
a nuitiber 2 while the second set was being rendered, 
etc. When the subjects were told at the end uf the 
experimental period that there had been a change in 
physical intensity with each set of 3 tones they expressed 
considerable surprise. 

The checks were tabulated and found to correlate 
at .4S (rho) for the two groups. Although this agree- 
^mefit is not high, there waa almost perfect correapond- 
ehcefor the sequence of the periods of greater and less¬ 
en perceptibiUty. With only one exception an inten¬ 
sity value of greater perceptibility was followed by one 
Of lesser, aftd this, in turn, by one of greater percepti- 



STUBJRS IN' mciioumv nr roXii mi^jsic J9 

bility- 'rhu* about onc-half the intensiiicB were well 
perceived, 'ribs denionsiraiion bears nut a conclusion 
made by Whipple in (4^) to the effect that not 
all the 16 Dun^Art intcnsilies were ctiually important. 
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furtheii data concerning the 

LIPPS-MEYEIV LAW 

The writer's proposed niotlificaiion of ilic Vhpps- 
Meyer Law (6) which appeared ii\ read as fol¬ 
lows: “The ratLQ-syinbols 2, 3, S, and 7, whea em¬ 
ployed as endings, display repose effects in the inverse 
order of their size. Specific iraininK can markedly 
change this order.'' These conclusions were bascil on 
a series of studies in which the stimuli were derived 
from a specially constructed reed organ tuned in ctpial 
temperament. On several occasions gince llnl lime 
the writer has been asked to attempt a similar study 
with just intonation,'® Recenilyj with the aid of I’ni- 
fessor Dayton C. Miller of the Physics Dcparimcnr 
of Western Reserve University, the reed organ was ru- 
tuned in just intonation. 

Three groups of approximately 'lO each, drawn from 
courses in elementary psychology, served as siibjecis, 
Procedures almost precisely similar to those of the 
earlier study were employed. However, instead of 
giving the sequences on three successive days (to mini- 
mize the factor of falling inflection) they were offered 
in reduced number (54 in place of the original number 
90) on the same day butwith pauses of 10 minutes' du¬ 
ration between the three sets of sequences. The 
pitches involved were m, 240,20a, 336, and 4110 cycles 

most recent stuily of ending preferences, lliat by (493, 

employed equnl tempernment, 


[40] 
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/Of ihe iirstsel of scr[ucncds; 180, 216, 252, 360, and 432 
cycles for the second sei; and 192, 224, 330, 384, and 
448 cycles for the tliird. The order of rendiiinn was 
not the sniiK for all groups of subjects. For the first 
group a falling iiiflctlion was used. With the second 
a rising inflection occurred. In the experiment with 
the third group of subjects the order was falling, then 
rising inlleciiun. 

In the writer's 1926 study (6) the relative pre¬ 
ferences for a class of 40 were: ratio-symbol 3, 40%; 
5, 34%; and 7, 26%. Assuming that, if chance (sta¬ 
tistical sense) alone had operated, the values would 
all ]>ave been 33, it can be seen by the method of that 
there arc only 20 .some cbanccs in 100 that subsequent 
experiments would not give deviations from 33 as great 
as or greater ilinn were obtained. In the first of the 
present experiments the percentages were: ratio-sym¬ 
bol 3, 32%; 5, 46%; 7, 22% (I or 2 chances in 100). 
In the second they were; ratio-symbol 3, 43%; 5, 247o i 
7, 33%, (approximately 7). In the last experiment 
the values were: ratio-symbol 3, 28%; S, 35%; 7, 37% 
(50 some chances, so no significant deviation from 
clinncc) ■ 

It is quite obvious that some factor (or factors) lias 
(have) caused these data to be di/Tcrent from those 
obtained with equal temperament. In the writer's 
opinion the change was brought about by the change 
in tuning, 4'hi.s view is somewhat substantiated by the 
behavior iif (he. subjects. These latter commented 
most vigorously about the misiuning of the stimuli, 
OF course, (lie tones were not mistuned in the Iiisioric 
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sense of the term; yet they were frequently quite sharp 
or flat to those subjects who had good tliscriminatory 
ability, and who were not familiar with just intona¬ 
tion, Moran and Pratt (27) have stated that ihc pres¬ 
ent writer in an earlier article accepted Max Meyer's 
dictum to the effect that the tempered scale functions 
exactly as does the natural scale. This assumption is 
at least in part erroneous, as nothing was said about 
"functioning exactly.” However, it must be admitted 
that the present writer did not at that time anticipate 
the serious confusion which just intanatian could cause 
in the matter of ending preferences. 

An examination of the stimuli to see their deviations 
from equal temperament in terms of cents (a cent is a 
twelve-hundredth of an octave) will probably prove 
of value,. Table 4 reads as follows: In the case of 

TADI^E 4 

Stimuli Sequences AND Dbviatiqks FROM Equal 
Tbmpbrambnt 

First rxfsrimtHi 

1. down to 3 (+33) down to S (—16, +17) 

3 down to 5 (—^16) down 10 7 (—17, —31) 

5 down to 7 (—17) down to 3 (+33, +16) 

SeeaaH experimesi 

S up to 3 (+16) np !o 7 (—33, —17) 

I up to 7 (—33) up Id S (+17, —16) 

7 up to 5 (+17) up to 3 ( + U, +31) 

TAira exPtrhneiii 

3 down lo 5 (—16) up lo 7 (—17, —33) 

7 down Id a (+33) UP !□ S (—16j +17) 

5 down to 7 (—17) up to 3 (+31, +ld) 

the first sequence, the 3 is 33 cents sharper than its 

equally tempered equivalent, if the ratio-symbol 7 is 
taken as a point of orientation. The 5 is 16 cents flat 
if 3 is accepted as the orientation point, but 17 cents 
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sharp if ihc 7 k rnniiiMincd as the poini nf comparison, 
etc. (If the raiio-symbfil 2 could possibly be kept in 
mind, the ratiiosyndwd ^ would always be 2 cents out 
of line, the S would be 1+ cents, and die 7 would be 
31 cents from tlic position uf the corresponding- equal¬ 
ly tempered equivalent.) 

In the second experiment, in which rising inflection 
was the rule, the occurrences of rniaiunings are dif¬ 
ferent. In the sequence 5 to 3 to 7 the 3 is 16 cents 
sharp and the 7, 33 cents flat, etc., etc. 

In a review of studies on feeling and emotion, Wash- 
bum (44) has said; “To account for ending prefer¬ 
ences Farnsworth says that we must assume two prin¬ 
ciples, the tonic principle (human beings prefer the 
tonic as a melodic ending), and the habit principle .. . 
The reviewer would ask why the tonic principle is not 
a special case of the habit principle, since nature fami- 
iiarixea us with the association of a tone and its over¬ 
tone intervals?" It would seem that Washburn has 
failed to realize that her nature suggestion is in truth 
an hypoihesis, on a par with Pratt’s ideas of iiUrinsic 
qualities (33) and Meyer’s theories concerning the 
functioning of ilie nervous system (24). The present 
writer in his earlier article was stating his discovery 
that training of a fairly obvious sort could be one ele¬ 
ment in the establishment of ending preferences. 
Although tlierc is evidence that the effect is usually 
fully established by age 14 (3S/i), there yet remains 
to be explained ibe origin of tonic behavior itself. 
This muy eventually he reduced to some haliit phe¬ 
nomenon, hut again (he issue may not he sn solved 
when ndeijuate data arc at hand. 
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The writer wili not attempt to explain the prefer¬ 
ences as found in the present experiment. He merely 
wishes to make the point that with such apparent mis- 
tuning it is little wonder that the results are so dif¬ 
ferent from those obtained with equal temperament. 
Were he to restate the Lipps-Mcycr Law he would 
do so as follows: “The equally tempered approxi¬ 
mations of the ratio-symbols 2, 3, S, and 7, when em¬ 
ployed as endings, display repose effects in the inverse 
order of their size, Specific training can markedly 
change this order. This law holds for American col¬ 
lege students when simple 2-, 3-, or 4-tone sequences 
near the center of the piano range arc employed. Noth¬ 
ing, however, is definitely known concerning the condi¬ 
tions responsible for this effect, ihc cultural groups 
for whom it holds, or the limits of the tonal range in 
which it exists.*' 
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FURTHER STUDIES OF 'FME .SEASHORE 
AND KWALWASSHR BATl’ERIKS 

A. 'I'ltK CiAW^ M(*I)IFICATI0NS DF THK Sl;ASlIURE 

SKXSI- UV 1*1 mi; asm ToXAL MKMDUY TIvHTS’" 

Gnw (1+) liiis poinicd nui that the Seashore Sense 
of Time and 'Fnna] jMcmnry iGsis (36) arc considera¬ 
bly (OD (liflicult for fifth-graders. She has, therefore, 
proposed motlificaliiins of each. Her new time lest 
includes face A of the (jid record will) the last column 
of stimuli of face H added. The test is given twice, 
and thus provides 12(1 .stimuli. Jn tills way the 
columns with .(FAsccond differences are the most difFi- 
cult ofl'ered. 'I’he memory test is modified by omit¬ 
ting the live- and six-span columns of the old test and 
by twice repealing the remaining portions of the record. 
This procedure gives a total cd 90 stimuli. In the Gaw 
article, percentiles arc olTcrcd bused on 53 fifth-graders 
who had taken the new time test and 141 fifth and sixth- 
graders who hufl taken the umal memory test. 

The present writer decided to gather more com¬ 
plete information concerning these modifications of the 
Seashore records. One hundred thirty fifth-graders 
from tlie schools of Palo Alto, California, were ex¬ 
amined, 

TJie two tests were found to intercorrelatc to the 
extent of .37:;i:--.05. llic odd-even reliability of the 

'“Kcpiiricil in purl sU the 10.11 incciin^s t»/ llic Western Psy- 
clioloi'icnl Assiielaiiiiii. 


[45] 
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memory test was ,85=t:.02; the value far the lime test 
Tfiew cocflicienia arc considerably 

TABLE 5 


Tomal Mbmory 


Fetcenlage correct 

Rink PertcniaKc carreii 

Hank 

9B+ 

100 

62 

42 

37 

99 

61 

40 

96 

91 

60 

J9 

95 

96 

59 

57 

9 + 

95 

5B 

54 

93 

92 

57 

31 

92 

19 

56 

52 

9i 

87 

51 

31 

90 


54 

SI 


84 

5] 

JO 

it 

11 

52 

2i 

11 

ai 

51 

25 

a 

BO 

SO 

23 

a 

79 

49 

33 

SI 

79 

4B 

22 

a 

71 

47 

2J 

B2 

75 

46 

20 

Bl 

74 

45 

19 

BO 

73 

14 

17 

79 

72 

4J 

15 

IK 

n 


W 

77 

70 

41 

15 

76 

61 

40 

12 

7i 

66 

39 

II 

71 

64 

3B 

9 

73 

62 

37 

B 

72 

59 

35 

n 

71 

57 

35 

7 

70 

56 

34 

6 

69 

54 

33 

5 

6B 

53 

32 

s 

67 

50 

31 


65 

64 

49 

48 

47 

30 

29 

2B 

5 

3 

3 

63 

45 

27 

3 



26 

2 



25 

2 


-- 

24 

1 
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higher lhan Ih* found by ibe writer in a study of the 
original fornii nf ibesc icsis (7), The values then 
twe of the magniuidle^ yA±:M for the memory lest 
and Ti fc.Oi for ihc lime- McCanhy (22) liaa re- 
poric<l a value of .75 for ihe old memory icat, In the 
praeni iiudy, approximate pcrccniilei were developed 
for both le^ti. 

TAnhK 6 

SfevsK OP Timp 


isaufrct 

Rtttk 


Rank 

U4'- 


74 

40 

IS 


7J 

37 

n 

n 

72 

31 

IS 

n 

71 

10 

n 

ff 

70 

27 

n 

97 

69 

24 

n 

H 


21 



67 

21 

n 

90 

66 

19 

S7 

S? 

6} 

15 

u 

%f 

M 

12 

ss 

S] 

61 

11 


SCI 

62 

10 

8J 

77 

6( 

10 

n 

71 

60 

9 

81 


S9 

a 

80 

S8 

18 

7 

79 

St, 

S7 

5 

78 

SO 

56 

4 

77 

96 

S5 

3 

76 

•14 

if 

2 

7S 

92 

11 

1 


An inspection of Tables S and 6 and the tables 
offered by Gaw (14) indicates that the Gaw modifica- 
lions are somewhat too easy for fifth-graders, Their 
length (a considerable increase over the old forms) 
ia such that fifth-graders arc apt to become fatigued. 
However, with their increased reliabilities they are 
undoubicflJy improvements over the older forms, 
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B. Seashohe Sense of Rhythm Pekcentiles 

In an eariier monograph (7) in which ihe Seashore 
music tests were studied, the present writer found that 
the adult norms obtained at Stanford agreed (|uiie well 
with the norms constructed at Iowa (36). 'I'his state¬ 
ment held for the earlier tests. The must recently con¬ 
structed, however, the test of rhyihm discriniiiiatiun, 
violated the generalization in that the Stanford median 
and mean scores approximated S4 and 77 percentiles 
instead of 50 percentile on the Iowa norms. Strange¬ 
ly enough, a recent check by R. C. Larson (21) found 
median scores which approximated 35 percentile. 

The presentwriter does notwish to postulate theories 
concerning the reasons for dicse discrepancies. He 
merely feels that, inasmuch as, quarter after quarter, 
he has found Stanford sophomores giving higher mean 
scores than they should according to the accepted Sea¬ 
shore norms, he should employ his own percentiles. It 

TABLE 7 

212 Stanford Subjects on tub Rhvtiim 'Prsr 
FercenUge correct 

96 + 

94 
92 
90 
BB 
B6 
B4 
82' 
iO 

71 
76 
74 

72 
70 
68 


--- 

1(10 

99 

97 

IS 

91) 

n 

75 

65 

SO 

]6 

27 

17 

10 

] 

1 
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ia interesting to note that Broom (2) aho found Cali¬ 
fornia students scoring more highly than was expected 
on the rhythm test. 


Cl Pi-ncKN'Titd-;^ i-m Kwauvassi-h MELornc and 
Harmonic Sensitivitv Ti-sts, Victoii 3SS73 

The writer has previously licmonstrated (7) that for 
Stanford subjects the norms olfercd by Kwalwasscr 
(19) arc inadequate. This finding was to have been 
expected since Kwahvasser made no allowance for age 
in the construeiioii of his norms. The writer, there¬ 
fore, presents a sample of his Stanford figures in the 
hope that it may give a better picture of the college 
level than do the norms offered by Kwahvasser. 

TAni.E H 

200 STANroBD SoiijiiC'r$ on the Siinsitivitv Tests 


Mclddlc Harmonic 


rcrccninjU! ^rreri 

Hank 

PeireniRKb ctirreci 

Knilk 

Jl'f 

lUO 

33 + 

lOO 

n 

911 

n 

99 

31 

97 

31 

93 

3H 

9J 

30 

98 

29 

Sll 

29 

95 

2g 

79 

2J 

93 

27 

66 

27 

86 

26 

32 

26 

74 

23 

33 

25 

60 

24 

as 

21 

49 

23 

17 

23 

35 

23 

11 

22 

20 

21 

9 

21 

14 

20 

7 

20 

B 

19 

] 

19 

4 

IH 

Z 

13 

1 

17 

1 






X 

the KWALWASSER-DYKEMA MUSIC 

tests AS PSYCHOLOGICAL TOOLvS^' 

A. The Problem 

A short time ago the present writer made a study 
of the Seashore and Kwalwaflser music lest batteries 
(7) , The major point of interest rested in tlieir util¬ 
ity as psychological tools. A somewhat similar study 
of the Kwalwasser-Dykema battery (20) would ap¬ 
pear to be even more urgent as little sUtislical informa¬ 
tion concerning it is available. 

B. A Description op the T ests 

Ten teats are included in this battery. Each mem¬ 
ber occupies one side of a doubleddaccd tcn-inch rcc- 
ofU. The testa are supposed to measure capacities and 
abilitiesj the effects of training being more apjjarent 
in certain of them than in others, The set uun be car¬ 
ried in a small case which occupies little space. 

The tonal tneviary test consists of 25 pairs of paltcms 
which range from 4 to 9 notes each in length, The 
patterns are played tw^ice, cither in exactly the same 
or in changed form. The subject responds by the 
words "same" or “different," (See Section C.) 

The test of quality discr’minalion includes 30 ele- 

“^The^Kwalwsaer-Dykema baltcry will be referred to licrcnflcr 
tests. This batlwy sWld be disiingtiislieil Irorii i»n 
earlier record made by Kwalwasacr which purportj to lest indndic 
and harmonic sensitivity (19). For n criiicnl atudy of thia InUer 
record see reference /. 


[SO] 
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menia, each of which is composed of hvo notes played 
on one instrument anti immediately repeated either 
on the game or on a difTercnt type of instrument. The 
subject's response is “same" or "difTcrent." The in¬ 
struments ^vholic playings are repeated are the trom- 
boncj violin, oboe, I'lnglish horn, French horn, (lute, 
muted viola, clarinet, ‘ccIIq, viola, muted trumpet, 
bassoon, tuba, and piano. When the second renditions 
arc not given by the same instruments, the following 
arc paired: clarinet and trombone, clarinet and oboe, 
'cello and bassoon, 'cello and violin, 'cello and trom¬ 
bone, 'cello and viola, viola and violin, viola and muted 
trumpet, muted viola and muted violin, trumpet and 
French horn, trumpet and flute, jnuted trumpet and 
muted trombone, muted trumpet and English horn, 
piano and celeste, violin and oboe, and flute and French 
horn. 

The measure of intemiiy (Jiscrlminniiofi is con- 
structed in n manner quite simiiar to that of Sea¬ 
shore's intensity test. (Sec Section C.) Thirty tones 
and chords arc repeated at different intensities. The 
subject judges whether the second of a pair is weaker 
or stronger than the first. This record is taken from a 
Duo-Art reproduction which allows a number of 
different degrees of loudness. 

Tonal movemetil refers to the ability of a subject 
to indicate orthodox musical endings. Each test ele¬ 
ment consists of four unresolved notes. The subject 
decides whether the tone which would give the best 
possible resolution (according to the musical theorists) 
is higher (up) than the last tone given or lower 
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(down). The actual tone is not requested, merely the 
direction of the proposed completion tone. I'hcre arc 
30 items. 

The measure of lime discriminalion has also been 
made from a Dua-Art player-piano roll. 'I'lic tones 
are compared as to duration with the tones preceding 
and following (judged “same" or "different"). The 
temporal variations range from .03 to .30 second. 
The stimuli (25 items) are presented in a random 
order. (See Section C.) 

The test of rhythm discriminaiion contains 25 items. 
Each item is composed of two measures whicli form a 
rhythmic pattern. This is repeated cither in the same 
or in different form. (Sec Section C.) 

In the test of pitch discriminaUaii there appear 40 
items, A tone (either 500 or 1000 d.v.) is sustained 
for approximately 3 seconds. It either retains its pitch 
perfectly (rated as “same"), or else rises or falls any¬ 
where from .6 to 50 d,v., and then returns to the start¬ 
ing pitch (rated as ‘'different"). (See Section C.) 

The test of melodic fasfe attempts to measure "on 
the basis of general musical appeal sensitiveness to 
structure, balance, and phrase compatahilliy." The 
items (10 or 20)““ consist of hvo mciodics of two 
phrases each. The first, or opening, phrases of each 
melody are identical. The second, or concluding, 
phrases are unlike. These latter are to be tompurctl 
for their suitability as concluding phrases. 

In the test of pitch imagery 25 measures of note.s 

^^The 20 - (not the 10 -) item test was studied in iIuh inoiuiRriijtli. 
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are playctl to the subject. He is to compare each meas¬ 
ure with wlint is on the printed blank which has pre¬ 
viously been distributed to him. All of the chromatic 
characters arc present in the music. The responses are 
"same” and “difTerent.” 

The rhythm iir)rt//fry test is similar in almost every 
way to that of pilch imagery with the exception that 
heard and seen rhythmic patterns are to be compared 
instead of pitch patterns. 

Q. RKt.Axrows nt^rwKEN Cohuesponoing Tests in 
Kwau\vassi%h-Dvki-:ma and Seashore 
Ba'jttehies” 

The Kwahvasser-Dykema and Seashore (36) bat¬ 
teries overlap to the extent of presenting five tests each 
which purport to measure similar capacities and abili¬ 
ties, The test fields include pitch discrimination, dif¬ 
ferences in rhyiliinic patterns, intensity discrimination, 
memory for tones, and lime discrimination. 

The piicli tests liave quite dissimilar constructions. 
In (he K-]) measure a tone is sustained lor approxi¬ 
mately 3 seconds. It cither retains its pitch perfectly 
or else starts at 500 d.v. (or 1000 d.v.), rises or falls 
anywhere from .6 d.v. to 50 d.v., and then returns to 
the starting pitch. When the former event occurs, the 
subject’s response is ‘‘same”; for tlic latter the answer 
is "di/Tcrent," There arc 40 items arranged in ran- 

^^Wlien nolhing h stntpil to the enntrary it is to he assumed that 
lliK records were played nn an old-style plionnitnipli. 

"M<r!(i((ried at ilie 19,11 nicctin;; at ilic ‘Western I’syclioltiKical 
AsSsociaiion. 
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dom order. The 100 items of the Seashore test, on 
the other hand, are arranged in a very definite se¬ 
quence. In each instance two tones arc played twice. 
The second is recorded as being **luglicr'’ or "lower’' 
than the first. (The actual differences range from '/i 
to 30 d.v,} 

The rhythm tests are alike in that the subject's judg¬ 
ments are recorded as "same'* or "different." 'I’hc 
K-D test employs tones and the Seashore, clicks. The 
former test is only one-half the length of the latter. 

The Intensity tests have much the same construction. 
Several differences, however, may be pointed out: (1) 
The K-D test employs piano tones while the Sea¬ 
shore test uses the audiometer; (Z) in the former vest 
there is a random order of difficulty while in the latter 
there is a regular progression in. difficulty (10 easy 
items, then 10 less easy, etc.); (3) while the K-D test 
contains only 30 items, the Seashore possesses 100, 

The Seashore memory test attempts to measure the 
subject's immediate memory for changed iiotca. That 
is, the changed note itself must be designated. From 
2 to 6 notes are repeated in changed form, In the K- 
D test the subject U required merely to state whether 
the repetitions are similar or dissimilar. The patterns 
Vary from 4 to 9 tones each. The Scasliore employs 
flute tones; the K-D uses the piano. The K-D is one- 
half the length of the Seashore, 

The: K-D time test presents inlexvala of filled time. 

compared as to duration with the tones 
prEceding and following pudged "same" or "differ¬ 
ent’). The temporal variations range from .03 gcc- 
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ond 10 .30 second. The stimuli (2S items) are 
presented in a random oriltr. The Seashore test, on 
the other hand, prescius intervals of empty time. 
Each item (llierc are IDO such) is camposctl of two 
temporal intervals. The second is to be judged rela¬ 
tive lo the first. 'I'hc temporal variations range from 
.02 second to .20 second. A set order is maintained. 

Corrclalioiig between the pairs of similar tests were 
run on filanford suphomorc subjects.^ These coeffi¬ 
cients were of the following magnitudes; pitch, 
,17^.05; rhythm, .2+:=fc-07; intensity, ,03:±:,03; tonal 
memory, and time, ,38^.06. Whether or 

notone believes in applying the formula for correction 
for attenuation, the fact remains that, with the excep¬ 
tion of the tests of tonal memory, these records are not 
measuring at all perfectly the same behavior varia¬ 
bles."' 

These findings have been verilicd by Tilson (41, 42) 
who has w’orked college students enrolled in a 
music supervisors' course. The Tilson procedure, how¬ 
ever, was somewhat unusual in that the pitch tests were 
presented three times (on successive days) and the 
other measures twice each. The highest scores only 
were recorded. Tilson has argued that in this way the 
students' physiological limits arc more likely reached. 

this nud succccdini; scciions die atluh subjects were nil 
lafeciii /rnm courses in cicmciilary psyclioloRy. Tlic fifth- nnd cighth- 
gftitlc Rulijccis were from schnnis in Sail Jose, Oilifornia. 

“'•If the jircHciU wriicr's Scudiore rclinbilitics (7) and the stepped- 
up Olid-even viiluen for llie K-1) (reported in a subscciuciu .section) 
arc employed in cnrrcctions for nttrmintioii, the coefTicicnts hceomc 
.23, .40, .04, .H2, :inil ..58, lisied in die order ['iven nhcivc, 
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The present writer Is inclined to believe, however, that 
this method allows chance variations toward higher 
scores to be favored over similar variations toward 
lower scores. Be this as it may, the values are some¬ 
what similar to those obtained at Stanford. They arc 
pitch, .14-±.07; rhythm, ,22=t.07; intensity,—.12::!::.00 ; 
tonal memory, .32±.07; and time, ,40=J-^06. 

Another and later study by Whitley (46) gives 
higher values (pitch, .49±.04; rhythvn, .43d=,Q5; in¬ 
tensity, .3a±.05; tonal memory, .71=i=.03; and lime, 
,55±.04). For Whitley, as for the present writer, 
the two tonal memory tests gave the highest of li)C in¬ 
tercorrelations. 

Drake (5) has compared the tonal movement test 
with several members of the Seashore battery, His 
values were found to be; pitch, .48=t:.04; rhythm, 
.12±.05; intensity, .21=t.0Ji; time, .2l=t:.05; meinory, 
,50±.04. With age, intelligence, and training par- 
tialed out, the values are .42, .Qft, .15, A9, .47. 

In a study of eighth-grade school children, Sander¬ 
son (356) found correlations bcfwccn corresponding 
K^D and Seashore tests aS follows: pitch, .43:;b.02; 
intensity, .27±.Q2; tonal memory, .48=h.02. 


B. Reliabilities 

Figured from the standpoint of odd-even item cor¬ 
relations the values for adults are very small, with 
the tonal movement reliability as the only promising 
coemcient. Judged from the retest side, the tonal 
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memory test is the best of the batteryIt is diffi¬ 
cult to ascertain which of ihe two methods is the better 
one to employ with this battery. The present writer 
somewhat favors the retest values, as the memory 
carry-over appears to be extremely small, and the tests 
seem too brief far the split-half method properly to 
be employed. 


TABLE 9 


RliUABIIJTIES OF TBSTs't 


Ten 

UdiJ-cvfa 

SiCppcd-up valuea 

Helcit 

Tonal memory 

.•<$±,05 

.6] 


Qiiiltlr 

J9rSr.OA 

.56 

.S3±M 

Inieniiiy 


.GO 

—.10±.09 

Tnital movemcni 

.74±,Ol 

.85 

.S5±.06 

Time 


.63 

.•1Z±.08 

Khyihin dig^^rlminalian 

.ICdt.O? 

.28 

.2J±.03 

Piirh digt'riminaiion 

.4fi±.0S 

.61 

—.OSrh.OJ 

Mclodk laBle 

.16±.07 

.28 

.S3d;.06 

Fitch iinagciy 

.2o±.o; 

.33 

A2±.06 

Rhylhin imaKcry 

,ll±.07 

,20 

.•H)±.0fi 


*\Vlti(ky (4i)) ling nlaii HHured relia^iliiici lur ilicsc lesU by (he ipltt-linlf 
meilinJ. Iler valuirn, trhile j| liii Ipiirr Omn iliuse nf i]ie j>rc«cni wriicr, 
regcmble (he lader mqikciily. They Ate: lonal inenuuy, .-16^.01; i|iinl!(y, 
.2]d:.0S; iiiieiiBiiy, .23:!r..O&; itinnl moveiuenl, .C7:e-03; limcj .33±.OS: 
rhydim. p[(clt, .Zr%.06; meindic tanie, 

tA Jtliicly by brake (5) hag jtiii atme lo ihc ivrher'j aiienlion. T)ie rc- 
llabiliiiei uf (he K*U leRii were (igured by Corrclaiing (he upper five rows 
RKainm ihc luwcr live. Wiih ilie majoriiy uf (cbih two &eis of Buhjecia were 
eniploycd, rruigicnl and nnii-rriugieiil. The rcAiilo {nr ihc ffroups nre: qiialiiy, 
.$□±.07, ,ZJ±.0S; incloilic (aaie, .4H±.07, .ZSi.OS; pilch, ,3J±.09; lonal 
meinory, iimal muveineiu, .74±.0+, .S8±,03; rliyilim, 

•ll±.0S (not Bieppcd up). 

Kelley (IB) lias given a formula (number H7) for 
obtaining the reliability of a battery if the reliabilities 
of and the intcrcorrelations between the several con¬ 
stituent members are known. If the present writer’s 


“K)nc nml one-linlf inunths clupscd bciwctn testinj^ jicriiuls. 
'“'^Sce scciion on norms. 
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data arc assumed, r ct^uals .77. This is lo be compared 
with the value of .B9 found fur the Seashore battery 

( 7 ). 

The data of Table 9 were gathered with the aid of a 
non-elcctric phonograph. At later dates, in an attempt 
to raise reli.ihili(ics, new data were gathered on a 
Brunswick panairope. The testa were givenj and then 
immediately repented. The subjects were led to be¬ 
lieve that the repeated sections were new forms of the 
tests. Tlie papers were accordingly folded to prevent 
copying. The test of melodic taste was not repeated as 
the normal 2()-iiems test is really a retest, At various 
times during the testing periods many of the subjects 
probably decided that they were hearing mere retests. 
How important an effect this had on the results it is 
impossible to stale. 


i'aulk 11 

OuD-KvfeM RauAMi.itws* + 


1‘CAI 

Sill Hrnile 

Stepped 

up 

Bill 

grade 

Stepped 

up 

Toiml memory 

.19±M 

.56 

.09±.0S 

.16 

Onnliiy iliKsriintiiBlinn 


.56 

.*16^.04 

.63 

intenait)’ rliicrimlndttiin 

Ai=tM 

.65 

.75±,02 

.86 

Tonnl mo\’efncm 

.y9±.{a 

ja 

.•I4±.04 

.61 

Time iliacrimliinlinn 

.19:±.0+ 

.56 

.■V7±.04 

.64 

Rhythm iliicriininnlinn 


.55 

.3B±.04 

.55 

Pilch di!icriminaiion 

.33tt.0+ 

.52 

,2B±,0S 

.44 

Melodic inue 

.a2±.a5 

.36 

,0Z±.O5 

.04 

Pilch imaKcry 

.ai±.o5 

.02 

—,83±.02 

—.91 

Rhyihm ImnHery 

.45±.D| 

.62 

.'I2±.04 

.59 


*Wliiiley (-16) hnN nliio Kniliereil aHin from ctiililrcn uf the gmilc bcHooIs. 
Her n^nreH nrc nut given liere &i tier °rc not comptirnblc la llic 

onen Huidicd liy ihe |irciient writer. They nj^ree, however, I'l- revcoling 
low reliatiiliden, 

tSince lijir inuiiiiKrjpli wuiil in prerr ihe Soiiilcrsnn nriicle (35/<) liar 
Dppcnrcil. h rcporin rciert rclinhiliiieB wliich are very low. 
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On the whole these changes in procedure did not 
markedly aid the ccliabilides ot these tests. 

The data obtained from children of San Jose, Cali¬ 
fornia, are given below. The reliabilities are very 
poor, in the main. This is especially true of the pilch 
imagery test, which is rather dvflkult for school chil¬ 
dren who have had little formal musical training. 

In letters to Dr. R. M. Mosher of Han Jose (Cali¬ 
fornia) State College and to the present writer, Kwal- 
wasser has mentioned reliability figures computed by 
a Mr. Bushnell Bowman. These ore retests conducted 
on 150 subjects, 120 of them being elementary- and 
secondary-school children and the remainder universi¬ 
ty students. The values are naturally considerably 
higher than those the present writer has obtained from 
much narrower age ranges. 


TABLE 12 

Bowman Rbliauili'tius 


TesI 

r V.V. 

Ton^tl memorjr 

,72^^01 

Qualiiy 

.fi5d:.03 

Intensity 

.fili.O! 

Tonal moverrieDt 

.ajHr.OZ 

Time 


Rhythm discrimination 


Pitch discritirinalioii 

.6s±.aJ 

Melodic taste 

.35±.05 

Pilch imagecy 

.70!t.O3 

Rhylhm imagery 

.S8±.0+ 


The only possible conclusion to be made on the sub¬ 
ject of reliabilities would seem to be that, with the 
possible exception of the test of tonal movement, tlic 
Kwalwasser-Dyicema tests are too unreliable for indi¬ 
vidual prognostication. 
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+i+Ui +i+i4i +i+Hi +)+ui +)+i+i 

aMr-tui W«nrrt Mrrm 

isp«o or>i 6 f 


41+iti +l+i*i +Hl+i u+i+i +1+1+] +I+I+I 

Moois Ofnwi 

oriin ipimO «hOs pino 


-fl+l+l +1+1+1 tl+l+l +1+1+1 +1-H+I +1+1+1 +1+1+1 

— ^ S’ f^«0 o<e>n 'oO>-< •J-'OO 

a^rl ®oi»i rvico a^rl oet*! —oa qoM 


a + 111 +] + 1 + 1+1 M+l+l li+l+l +i+l+l +++I+I +HHI +I+I+I 

rt. rn V5 p-, m in M tri a >c rl m pn o* if- ^ M wi o >n >n ri M 

M -I l|3 Q 1^ a |<l M _« N o O ('! ^| *~! **1 S ''I R ^ 


Md»dic cajlc .I4±.07 .Ofii.OS .0S±.07 ^3±.07 ,05±.Qg .l+S:.07 .40±.06 .1+31.07 

.14±.D5 .Dfi±.0i .lfi±.DS -Ifii.oS .11^.05 .2D±.05 .oSs.OJ .o;±.05 .Mi.05 

_ ■14±.Q5 —.Q2±.05 .2a±.05 .11±.05 .H:t.05 ,0fii.05 .12^.07 —,06^415 -Wi-OS 

“Drake (5) ias rcporred a rorrdarion between piich and memory' of .02±.10 (school bova). 
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E. INTERCORRELATIONS” 

In Table 13 are given the test intercorrelations. 
The top values in each box arc for tlie Stanford sub¬ 
jects, the center for the eighth-graders, and the bot¬ 
tom values for the fifth-graders. In only two instances 
are the correlations ,40 ot above, a result not unex- 
pected. 

In a study in which 67 music majors at Colorado 
State'Teachers College were tested (4-) the total K-D 
score was found to correlate as follows with the indi¬ 
vidual battery members: tonal memory, .52^.06; 
qyality, .54±.06; intensity^ .31=t.07: tonal moveineiu, 
i9=t.06; time, .40=b.07; rhythm discrimination, 
.44=t.07; pitch discrimination, .30:^,07; melodic taste, 
^+±,06; pitch imagery, .S3ifc.06; and rhythm im¬ 
agery, .46=^ ,07. 

F. K'D Battery and "Inteu.u;i'.nc1'" 

It might appear logical to predict that little rela¬ 
tionship will be found between this battery and tiic 

TABLE 14 


K-D Battery vs. Thorndikh Tks'J’ 


Teat 


Tonal mtmoty 

.25i:.06 

Quality 

—,0+±.06 

Intensity 


Tonal mavemeRt 

.1S±.U7 

Time 

,Q0d:.07 

Rhythm discrlminalion 

.I9±.07 

Rhythm imagery 

,Q7±.07 

Pitch discrimitittilon 

.01±.(Ui 

Fitch imagery 

.00d;.07 

Melodic tagEe (20 ilemi) 

.22d;.07 


“®Tliese values are not corrected for attenuation. 
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Thnrndakc vm whith employed a% a measure of eul- 
lege apiiVudc. I n a thetk of \\m idea ai Suiiford Uni- 
versiiy wiih fuphornorc pi^yehology fetudcnis, ihc results 
were in pieduticd. 

A setond smdy of ihe rclationi^hip ketweeu die K-D 
battery and in(dli^encc was recently nude. Sixty- 
seven music majors at ihc Colorado State Teachers 
College (4) were gavcii the R'D buttery and the Ameri¬ 
can Council l*i!VcliM|rjgical Kxaminaiicm. The total 
scares on the K4) battery and the intelligence tests cor¬ 
related .26:±..DS. 'riic ifuiividual music tests with one 
or two cxcepiiMiu checked well die present writer's 
results. 


I'AllhK 15 

K‘|j H^Mr^RY Vi. Am^muak Cous'cii, r’svuuni.iKiicAi. 

KXAMIHAIION 


IrM 

r V.P.. 

‘i'«rul (ncrn«f|’ 


Una lily 

.a9±.us 

Inuntti!!' 


riinal nHivrmriii 

.n±M 

'I’iwr 

.2<l±.08 

HhvihiH lUirrMiMnaiiiiii 



.iS±M 

tVff fr 


Pilrli (tfttiueiy 

.]3±.07 

.Vtcliitliff u»ie 

.JS-_t.fl? 


In a third study recently reptined in ii innstcr's thesis, 
Test (40) found die total K-1) buttery correlating 
i‘.D3 wiili the 'riiurstonc iiiiciligence test, One hun¬ 
dred SL'N'cniy-livc music stuilenis at vSyracuse University 
scrverl ns subjects. 
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G. SliX DIFFEHEN'CES*® 


Sex differences were figured for fiftli- ,ini| cigluli- 
graders and college subjects. In Tables 16, 17, and 11^ 
the means which favor the girls have the he- 


fore them. 


TADLE 
Firrit Grape 







Milea 



frrt)alf4 



Test 

N 

M 

Sigma 

.V 

M 



Tonal nvecnucy 

97 

U.S 

2.4 

91 

H 2 

2,4 

7 

Quality 

Intensity 

9B 

9B 

2I.B 

20.1 

2.8 

4.5 

91 

91 

21.3 

-—id.! 

I, f) 

J. si 

1.1 

.3 

Tonal movement 

9B 

l-l.a 

1.7 

91 

117 

L3 

2,1 

Time 

Rhythm dlacriminn- 

9B 

I+.5 

2J 

91 

■.-'U-P 

27 

1.3 

tion 

97 

lU 

a.7 

9l 

—Ife.fi 

2.1 

1.1 

Fitch (llscrlrninallOD 

9B 

ZZ.} 

3.7 

9) 

—21.0 

1.2 

1.4 

Melodic taste 

9B 

It.1 

14 

91 

— 125 

27 

\.% 

Pitch imagery 

98 

13.4 

11 

91 

liA 

IJ 

O.t] 

Rhythm Imagery 

98 

14.3 

17 

9i 

— W.5 

1.3 

A 


^'’At the time this morvogrtpU WM amt lo pres^s iin liau wrre* sivnil- 
able on riclal iliffcrtncas. Since ihcn, however, »hc paper 

[35i) has appeared in which claims nrc made lur (lijinili^aht tav:i’,il 
differences. The present wrilcr doei not wiix cnilioi-in^lie over sucli 
data. The problem of motivniioti, a difltcull nnc n! he^i, 
most perplexing when rncirel differences are htiiiiJ (-Uicltnl. 
as well IS racial cultures may loom impatumi. I'rc.vitnis !^iudics 
of the Seashore tests have shown iht Megrae% lu he iMtih hriirr iind 
poorer than whites, This diverBcncc of rcaulis iiin)‘ Imvt* hern d\ic 
to differences in the personalities ol tlie n»icrs, lu murr nr Icfi-i 
intermixturej to differences In motivation, or lo a nuinlmr of dllicr 
factors. It should be noted that Sanderson’s best grim|i. ilifi JovviMi, 
was composed of orphanage subjects Iium the Mvciuh in the icnth 
grades, while her remaining racial groups were nil frnm llic rinhlh 
grades of the Chicago Public Schools. Lack of Riiullarliv hciwcen 
the two sets of environments might easily nccouiit for Sandcr.son’i; 
score differences. 

®^The manuscript (hqw publislicd, see reference d9n) of a sunly 
by hward has a so been recently examined, In lliit exuiniimviun uf 
yj Jewish and 176 non-JewisU ten- and clevcn-ycnr-iilds nu j-ignili- 
cant score differences appeared when the tonal muveiiiem UM 
employed. 
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There nrc iir* erilical raiins whkU approach at all 
closely 10 ihe minimum accepted by certain statisti¬ 
cian! M necessary lor (he imiicaiion ol significant dif¬ 
ferences. 

TAHM-: n 


Khuitii (iHAnti 

'IV*J 

S 

Matr» 

SI 


.V 

Krrnaten 

M 

SiHma 


Toaal rnrnwj;' 


Hi 

2.7 

H>9 

1V2 

2.9 

.1 

QualiiS 


32 1 

2.B 


22.2 

2.1 

.6 

lnitni.iir 

1%) 

Z3.2 

2.9 

ll>9 

—22.4 

2.1 

.6 

TpnsJ 

K?9 


VS 

m 

—16.1 

5.4 

1.2 

Time 

li^ 

l«.S 

J.4 

1P9 

—16.7 

2,7 

.1 

Rhfilim 








ii«n 

lOU 

1?.9 

2 S 

irj9 

17.9 

2,3 

0.0 

Piith 

1^ 

3t.4 

4.1 

109 

2J.+ 

4,1 

0.0 


innl 

137 

2.4 

109 

— 1J.3 

2.4 

i.a 

Piith 

\m 

Hja 

1-4 

1Q9 

--I5.0 

2.4 

2,9 

RliVihtn 

mt 

I?4 

I.O 

109 

—J7.S 

2.11 

.1 


Tlie crilicnl ratio for ihc pilch imagery test might be 
crinsidercd as barely significant. As this lest is pri¬ 
marily an achicvcnieni test, it is the guess of the present 
writer that this itiflfcrcucc may be merely a rellcction 
of a tendency for the eighth-grade girl to have had 
slightly move musical training titan her boy colleague 
has had. Data covering tlcscripiions on the part of the 
subjcci!^ concerning ilicir musical training tended to 
verify this. Such ipicsiionnairc values, howeverj may 
not be reliable or valid. 

Ihe girls in this group cslimalcd themselves as more 
musical than did ilie l>i»ys 5.02). This may 

mean that ilie former art more interested in music or 
that the latter wish it lo he tiuiught that they arc the 
less musical, 'I'lu' girls claimed slightly more formal 
musical training of 1.K5), although they were 
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TAHU 18 

COLLBCR LsVBL 


Test 

N 

Males 

M 

Signin 


Fcinaks 

M ! 

Sigma 

D\ 

Tonal meinory 

126 

19.9 

3.0 

IU2 


J.I 

3.3 

Quality 

126 

24.J 

2.1 

if)i 

22.6 

3-6 

4,6 

J.S 

Intensity 

21+ 

24.2 

1.9 

U4 

22/) 

3.4 

i'onal movement 

lOB 

22.3 

5.6 

lOl 

-“22.7 

5.2 

.5 

Time 

Rhythm dlBcrimina- 

147 

20.7 

Z.2 

WJ 

I9.f 

J.I 

6.7 

tion 

14B 

19.4 

2.1 

101 

lil.9 

2.1 

1 9 

i^ltch discrimination 

22 a 

29.6 

3.<l 

129 

211.f 

1.1 


Melodic taste 

107 

16.D 

2,4 

102 

U.H 

27 

t c 

Fitch imagery 

lOH 

U>9 

3.1 

101 

16.1 

3.1 

LS 

HhylhiQ imagery 

110 

19.6 

2.5 

JOO 

19,1 

2.9 

t'.2 


significantly poor on several of these (cs(s. 

The present writer does not feci that any (lain lie lias 
seen are pertinent to the issue of native sex differences 
in musical capacities and abilities. Even if the K-1) 
and Seashore tests are granted to be musit.: tests, ilie sex 

differences on these tests are small and dilTcr with ihe 
several age groups, 


ii. Item DimcuLTiKs 

Under certain conditions it is import',tut to know 
iiow various groups of subjects react to the individual 
ttems of the tests. In other words, do di/rcrent grount 
agree as to the degree of difficulty of the several items? 
in the data to be reported in Tabic 19, 200 (ifih- 
graders, equally divided as to sex, were separated in a 
chance^shuffling into two equal groups, termed A and 

related the results were found to be: tonal memorv 
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.87^.03; quality, .97±.0l; intensity, .94^.02; tonal 
movement, .91±.02i time, .98=t.0l: rhythm. .93ii=,02; 
pitch, .79=t.04; melodic taste, .78=t.06; pitch imagery, 
,^2=!=.10; and rhythm, .aizt.05. 

An exactly similar procedure was undertaken for the 
eighth grade (Table 20). The corresponding corre¬ 
lations were: tonal memory, .9S±.02; quality, .9S=L.0l ; 
intensity, .95±.01; tonal movement, .91i±:.02; time, 
,77±.06; rhythm, .93=t.02; pitch, .90dz.02; melodic 
taste, .92 ±n 02; pitch imagery, .96^.01; and rl^ythm 
imagery, ,7S=t.06. 

The college data were similarly treated (I'ablc 21). 
The corresponding correlations were: tonal memory, 
.96±.01; quality, .93±.02; intensity, .99=t.0i; tonal 
movement, .98±.0]; time, .95=t.01; rhythm, .90d=.Ol; 
pitch, .fl6=t:.03; melodic taste, .91=ir.03; pitch imagery, 
.94=t.01; and rhythm imagery, .95=1::.01, 

The means of Groups A and D for the three age 
groups were correlated to learn how consistent the 
errors were. The coefficients are given in the fol¬ 
lowing order: fifth versus eighth, and eighth versus 
adult. The values (in terms of rho) arc: tonal 
memory, .94, .75; quality, .90, .94; intensity, .87, .93; 
tonal movement, .88, .76; time, .95, .66; rhythm dis¬ 
crimination, .89, ,93; pitch discrimination, ,86, .62; 
melodic taste, .07, .84; pitch imagery, .72, .84; and 
rhythm imagery, ,74^ ,68. 

In summarizing, it can be said that the item errors 
of the K-D battery are quite consistently made. In 
the main, the various age groups make similar errors. 
For these reasons the tests are of use whenever group 
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responses to the various items arc to be studied."^ 

7. Age Diefeuences 

A glance at the means given in Section G suflices to 
demonstrate the fact that the eighth-graders made 
higher scores, on the average, than did the fifth- 
graders. The critical ratios are all significant, al¬ 
though age differences in the quality and tonal 
movement tests barely exceed the required value of 3 
(i,e., required by certain statisticians). Similarly, the 
differences to be found between the eighth-graders and 
the college subjects are all significant."^ Pronounced 
age differences are also reported in studies by Barnard 
(Jrt) and by Whitley (46). 

In a previous monograph (7) the present writer has 
discussed Seashore's conception of cognitive and physi¬ 
ological limits. In that discussion it was stated that 
there is no way of knowing for certain whether the 
age differences are due (1) to a progressively increas- 
ing ability on the part of the subject better to under¬ 
stand such tests, or (2) to some sort of maturation or 
training process in the capacities in question. A simi¬ 
lar conclusion must be made for the K-D battery. This 
theoretical consideration, however, does not alter the 
fact that more than one set of norms should be offered. 


^-It is intcrcstini^ Ui note the close correspondence between degree 
of item difllculty nnd tj'pe of response. In the tests in whicli “S'' 
and “D'' arc the rcspfHi.scs, the “S'* 's are more ^'cnernliy tlie easy 
items .^lul the “U'' 's, the diflicult. 

dilTcrenccs in rcliabiliiy nnd item diflicidty, see other 

sections. 
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J , Norms 


The norms offered by Kwalwasser and Dykema 
(20) were based upon scores earned by 2000 gracic- 
and high-school students. Age, grade, sex, and other 
variables were ignored in the construction of percen¬ 
tiles. That this is not justified was seen in the section 
on age differences. In examining the present writer's 
data it was noted that already at the fifth-grade level 
the mean of the quality scores surpassed the fiftieth 
percentile of the original K-D norms. By the time 
the eighth grade is reached the mean scores of the tests 
of tonal memory, intensity, rhythm discrimination, 
melodic taste, and rhythm imagery have surpassed the 
fiftieth percentiles of the K-D norms. Since all this 
demonstrates quite decisively a need for other norms, 
new ones were constructed and are given in Tables 22, 
2J, and 24.“^ They were based on the scores of ap¬ 
proximately 188 fifth-graders, 209 eighth-graders, and 
from 207 to 486 adults, 

That the norms are not appreciably different Avhen the 
panatrope is employed is shown in Table 2S. The test 
of melodic taste was the only one in which the first 
rendition on the panatrope gave a significantly higher 
mean (critical ratio over 3) than when the non-ejec- 
tnc phonographwasused. (SeeTable 18. The aver¬ 
ages of the two sexes were compared with the data of 
Table 25.) 


worthlcss for collojxe Htu- 
hU for^t^ S ""J pcrcciuilcs sluniUl he 

first, l,e w;ls testinR 5tu(U,Us c.uolUcI 
m music course; and, secondly, tests were given two or three • 
the highest scores only were pWrved (41. 43). ' 



Tonal memory Qualiw dlscrirainaiioo Inienairy discrimuiauan Tonal movement Time diacrunination 
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TABLE 25 
Pamatropk Data 



Mean 

SiRina 

Tonal memory 

H.7 

2,7 

Quality 

23.7 


Ifitensitj' 

Tittib 

23.7 

U.S 

2.9 

Melodic taste 

lti.3 

2.1 

Tonal movement 

21.7 

4,fi 

Pitch discriminaiian 

2B.ti 

2,^ 

Rhythm discrimination 

19.1 

1.9 

Pitch Imagery 

16.< 

3,2 

Rhythm imagery 

18.7 

Z.G 


Aaalyses of the retest means given below indicate 
that in the kcond rendition (after approximately one 
and one-half months) there were slight but generally 
signicant increases in the majority of the means. These 
increases may be due to errors of selection. The writer 
does not believe this to be true as the subjects of the 
retest were chosen at random from the larger original 
groups. Table 26 is to be compared with Table 18. 
The data thus indicate that norms based on retest 
material will be different from those just presented. 
A similar condition was found to be true with the fifth- 
and eighth-grade results, although the increases on the 
second renditions were not so marked or so regular 
with the grade-school subjects.*^ 

K. TuAlNiNG 

In a. study by Chadwick (<V) 67 music majors at 
Colorado State Teachers College were tested on the 
K-D battery, They were also given the American 

*“These data are on file, but Iiave been excluded to save sjiacc, 
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'I'ABLE 26 
Ketestjj of Adults 


'I'cit 

Mean 

Si^rriia 

N 

Tuna) mcinciry 

19.B 

3.1 

78 

Qiiflliiy 

25.1 

2.] 

78 

liilcnaiiy 

2\A 

l.S 

77 

'rrinni movciiicni 

24.5 

1.2 

74 

Time 

2fl.S 

2,a 

73 

flJu'fk/a diifcrimittstian 

I9A 

2.0 

73 

Filch (liKcrimlnaiioti 

29.3 

3.0 

72 

Nfcluilic Insic 

Jfi.O 

2.1 

10+ 

Filch irntiKcry 

17.2 

2.B 

104 

Hhythm imtiKcry 

19.2 

2,0 

104 


Council Psychcilof^ical Examination, The duration of 
the subject's musical training was tabulated in terms 
of years. The major effort was to predict grades in 
sight-singiuj^. In the table below are given the cor¬ 
relations which were found to exist between the music 
tests and years of training. 

TABLE 27 

K-D Hatim’ry vs. Thainino 


'1‘eil Tminin^ 


a'uiinl mciniiry 

.26H:.08 

Quality 

.19±.08 

[iKciiDiiy 


'I'liDnl rncivemeni 

.26±.0B 

'jNiiie 

.24-^',0B 

Uhyihni (tiacriiiiUiBlion 

.071:.08 

Filch i)iiicriiniii.nion 

.20±,08 

Muintlic tnsle 

.12±:.0fl 

Fitch ima,;ery 

.33d:.07 

Rhythm imagery 

.25±,0fl 

'i'oi.iI score 

.•I2±.07 


Few of die values arc near .40. TJic two imagery 
tests arc, obviously, measures of achievement (to a 
great extent), and, therefore, might be expected to 
give higlicr correlations than the average. As has 
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been pointed out previously by a number of workersj 
a high correlation between the amount of training 
people have had and their scores on a capacity test 
does not yield definite information. Training may 
have improved the capacity in question. On the other 
hand^ the highly endowed may receive more training 
than the less gifted. 

In a study by Barnard (1), grade-school children 
who had had no music lessons, either class or Individ¬ 
ual, scored lower on the K-D battery than did those 
who had had training. 

I. Validity 

Chadwick (4), by employing path coeflicients, de¬ 
veloped the following regression equations: equals 

.03A .OIX + .OIX — 3.4i . . . where A' is the 
sight-singing grade to be predicted, is the total score 
on the K-D battery; the training in years; and X^, 
the score on a certain intelligence test. Where an A 
grade in sight-singing is S.OO; a B, 4.00; a C, 3.00; a D, 
2.00; and an F, 1.00; the sigma estimate is .635. This 
means that the predicted grade has 2 chances in 3 of 
being within about two-thirds of a letter grade of the 
mark which the student will attain. In discussing the 
prediction of sight-singing grades, Chadwick has said; 
"When the joint influences are apportioned according 
to the ratio of the direct influences, aptitude accounts 
fo; about eighteen per cent, intelligence for about six 
per cent, and training depresses the influences about 
two per cent, leaving a residue of influence approxi¬ 
mating 77 per cent.’' 
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In this work the reliabilities of the tests were not 
ascertained. Althou^^h the '‘residue of influence" is 
enormous, an interesting and perhaps worth-while 
start has been inmle toward the establishment of a 
critical level. Newly entering students who score be- 
low this value can perhaps be safely dissuaded from 
work in musie'’" unless their interest is very great and 
there is plenty of time and money at their disposal. As 
a rule the practical interests of the music school must 
also be considered. 


TAHLE 28 

K-D Batterv vs. Grades in Sight-Singing 

Tbsi 

SiKliL-sini'lng 

'I'Diml iiicmwry 

.37±.07 

Cliinluy 

.l9i:.0S 

liiictiTiiiy 

,2B±,07 

Tniul movemeni 

.3I±.07 

Time 

.02dr.OB 

diserimiiiiUon 

.0B±.08 

JNich ilUcnJiiinnlloA 

.01 ±.oa 

Mclnilic mile 

.23±:.oa 

irnaf^ery 

,S2±.06 

Hliylliin iiTinRery 

.34±:.07 

Toial werire 

.43±.07 

TiIsoi\ (41,42) has also studied the possible relation- 

ships between the K-D scores 

and quarter grades in 

TAHLE 29 

K-D llArrnRY vs. Grades in Ear-Training and Sight-Singing 

Teal 

r I'.E. 

Toiiol memory 

.40±.0fi 

Qiitiliiy 

.21 ±.07 

Iiiicctsuy 

—,17±.07 

'I'minl movctiiciit 

.Z5±.07 

Time 

—,03±,O7 

Kliyilun (liaeriminiufoii 

.I!>±.07 

I'iicli (ligcriiiiiiuiiioii 

—.1Z±,07 

Mclndic male 

,19±.07 

Pilch inmfirery 

.]9±,07 

JlJjyilww imagery 

J9±.06 


®°Nut found ns yet. 
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B2 

ear-training and sight-singing. His values are pre¬ 
sented in Table 29. 

Neil (29), in a master’s thesis, demonstrates that 
there is little or no relationship (r’s between .40 and 
—.36 which average slightly positive) existing between 
the K-D intensity, time, and rhythm tests and a weight 
discrimination test of his own. construction, A con¬ 
siderable number of high-school and college students 
served as subjects. 

In another master’s thesis can be found the report 
of Test (40) on 17S music students of Syracuse Uni¬ 
versity. She found that the K-D battery correlated 
,37 with grades from courses in which skill in musical 
performance was stressed; in the same connection, the 
Thurstone (psychological) test correlated .17. The 
K-D and intelligence tests combined correlated .48 
with ‘^All Fine Art" grades. 

Drake (5) obtained teachers’ ratings of students en¬ 
rolled in several academics of music in England. 
Pitch imagery correlated .31=b.0S with the ratings; 
intensity, ,44±.l3; and tonal memory, .34=t.l0 (re¬ 
duced to .20±,10 when age and training were partialed 
out). 

One might expect that a group of students who are 
enrolled in a college course in music would score con¬ 
siderably higher on the K-D tests than did the Stanford 
subjects in the psychology classes. A measure the 
. writer has of this point comes from a test made on San 
Mateo (California) Junior College students who Were 
taking a course in college music, As can be seen by 
comparing Table 30 with Table 19 there were a few 
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significant differences. The Stanford group might per¬ 
haps be considered as just significantly better in the 
tests of pitch discrimination, melodic taste, and tonal 
memory, The San Mateo subjects did slightly better 
(signicant critical ratio) in rhythm imagery. The 
results arc somewhat surprising. They may indicate: 

(1) that the tests, in a strict sense, are not music tests; 

(2) that there was poorer motivation at San Mateo; 

(3) that the Stanford subjects are more musical than 
the writer had previously supposed. As far as the 
writer can see, there is no possibility of giving a definite 
answer at present. 


TABLE 30 
San Mateo Data 


Test 

N 

Menu 

Slfrina 

T«nnl mcttiary 

77 

IH.O 

2.5 

Qunliiy 

67 

23,4 

2,4 

liiicnsiiy 

67 

23,5 

2,7 

'I'onnl movemeiti 

66 

21.9 

4.6 

'rime 

72 

20.1 

2.1 

Rliyilim disuriminntian 

72 

19.2 

l.H 

McloJic inslc 

SO 

n.e 

2.8 

IMicIi ilincriminndon 

so 

27,0 

2,B 

ritcli imngery 

69 

IC.O 

2.1 

KUyil\tu imA(;cry 

69 

2Q.3 

2.0 


M, Critical Resumil 

This study clearly indicates that the Kwalwasser- 
Dykema battery is quite inferior psychologically to the 
older Seashore tests. The former tests do offer a few 
advantages. They arc shorter and less tiresome, The 
stimuli arc more musical and so, perhaps, more pleas¬ 
ing to musical groups. As the items are announced 
by number, the testing procedure is made more fool- 
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proof, The tests are recorded on small records and 
can be carried in neat cases, Certain of these im¬ 
provements, however, have been made at the expense 
of reliability. 

Several of the present writer's ablest subjects (with 
best auditory limens) have claimed that the pitch test 
is very inaccurate, Tilson makes a similar statement 
in his report (41,42), However, no definite study has 
so far been reported on the physical exactness with 
which the stimuli are given. 

Insufficient data are at hand relative to the matter 
of validity. It is apparent that the K-D and Seashore 
tests are not measuring to any large extent the same 
behavior variables. And as to reliability, one can 
clearly see they (R-D) are decidedly inferior to those 
constructed by Seashore. These newer tests should 
probably be employed solely in studies of group differ¬ 
ences, 



APPENDIX 


A DEVICK EOR PUNCHING BLANK PLAYER-PIANO 

ROLLS" 

Rov C. Langfoiid 
Kmisos State College 

IVithin the Inst years player pianos have been rccogtiizccl as 
prcscnn'nt' an opportunity Inr research in tltc psyclioloijy of music. 
The use of these instruments in invesn’untion has been severely 
restricted, however, by the great labor and inaccuracy of punching 
blank rolls by hand. The instrument herein described considerably 
reduces tlic labor and increases the accuracy of tins task. The 
accompanying plate indicates in diagram the essentials of the appa* 
raius. 

'riic player roll to he punched is put in place at J, The paper is 
led from there between the roller C and tltc rubber roller ii. Tlic 
latter is held ngninst G by means of a spring winch is not shown in 
the drawing. From thes'c rollers the paper is passed under plate 
II aiul above the platform The tab at the forward end of the 
roll of paper is aitaclicd to the peg L, in the roller K, 'Flic paper 
ia kept under icnsion by the wciglit 2V atlaclicd to a string which is 
wound around the spool M fastened on the axle of the roller K. 
The paper is prevented from rolling forward by means of the rachet 
ii. The operator causes the paper to move by turning the knob G, 
much as one ninvc.s the paper in the carriage of a typewriter. The 
rnclict is so made that the position of the paper can be changed as 
little ns approximately one-sixteenth incii if desired. 

The heavy line labeled D indicates a row of holes which are 
.ipnccd exactly ns arc tlie holes in the tracker board of a player piano. 
Tlicsc holes arc round and have a diameter cnual to that of tlic width 
of the Imlcs in the tracker board. They extend through the plate 
IJ and through another steel plate in the platform 1' directly under 
plate //. 'riie paper passes between these plates and the holes arc 
punched in it by means oi a hand punch pushed down from above, 

'’I'lnii lOiU'liiitc wait i[L‘iitKiied by ilie writer of diifi niuieiulix and luiilt by 
Mr. r. 1). Ilnidum, lUc itianford Univeraiiy incclinnicinn, (or ihu iiuilior of 
die nionD^rnpli. 


[B5] 
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Diagrams of a Dbvicb for Punching Blank Plavbf- 
Piano Rolls 


Upper: Plan view oi the apparatus 
Lower: Side view oi the apparatus 

Description in text. 
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TIiift puficli (v'liicJi rs not shown in the drawings) is made from 
round sled of the same diameter as tile holes in the plates and is 
provided with n wnnden handle. It is sriunrc across the cutting- 
end and makes a clean-cut perforation. A strip of paper is glued 
on plate // adjacent to the row of )mles sliowing tlie notes repre¬ 
sented by llte respective holes. 

lly use of the appropriate liolcs at the ends of the row tlie operator 
con punch the paper so as to regulate tlie intensity at wliich the 
music is to he jilaycd. J \s a crank for rewinding tlie roll after it 
has been punched. 
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Etudes dans la psychologie du toi^ et de la musique 

(RisumO 

Ce mnnographe comprend une a£rie d'artklea relntlvcmcnt aaiis rapport 
lea una aux autrca aur la paychologle dii toi) et de la muaitiuei 
Dana ]e chapUra I oti rrtantre iju'uDc phu grande connnlisancc de In 
mu&ique «8t asaoci^e h une plus grande Ceitdonce A claaaidcr lea dlAtnenis du 
tan comme "bons” plutot que camme "mauvoia'^ 

Dans le chapitre auiyant on dlscutc lea roppoila entre Ic lalcnl muaical 
eC la gaucherie, Lea rdsultata des queatlonniiirca ne anutiennent paa lea 
prdtentiana antdrieurea que la gaucherie et le talent nuisical otit clca rap- 
perta positifs. Cependant, les Indlvidua ambiilexlres ont iin avaniage en 
ae dirigeant vers leura buts techniques dans la musique, 

Selon les observacions rapportAea dans le chapitre suivant il y a un faclcur 
aacial embarrasaant qui apire quand on compare le jaz-z ct la, iDuaiqiie 
'acceptie'. Ce dernier type de musique eat probabicment ^ynluA le plus 
juatement. 

Dans le quatrieme chapitre' on reproche lea payclinloguca A cause de Icur 
traJtement du bruit et de la dissonance, Cea phenomines iic sont pas ^er Jf 
d^sagTeablea, Ils offrent non seuiement d-ea cgnlrnates avec la muaique con- 
annanie maia, meme anna I'aicle de celle-ci, ila enuaent frAqucmnient le plaiair- 
Dans le chapitre 5 on discute dea questionnaires et des donn^ca expilri' 
mentalea aur lea rythmea crolsAa, On prdaente une nouvellc mdthode Gcatalt 
d'acqn^rir les rythmea croU^s. 

Dana le chapitre 6 II s'aglt de I'emploi des mAiKodca rnodcinca pour 
exprimer lea preferences en termes d'unit£a algma, On ilonne dca ordres dc 
rang de preference pour des "dladea" chramntiques et des intcrvallea J'un 
quart de ton prdsentia almultanAment et anuesalvement. On nppuie aurtout 
sur le riauUet que U& pi^fAreriCea pouf ceitalna quarts dc ton qui n'aP' 
paraissent pas dans la gamme chromntlque aont plus grnndcs qtie pour 
d'nutres qui sont 'miisicalement' employes, 

Le chapitre 7 prdaente deacripUons dea moyena dont un paychologue peut 
se servir d'un piano micanlque, On rapporu dnna Un appeildice un nppnrcil 
pour faire des trous dans lea rouleaux pour piano mfconlqiie, 

Dans le chapitre B on montre que la nuuvelle formulation de In lol Llpps 
Meyer par lea auteiira n'est bonne que pour le temperament dgal, 

On pr^aente ensaite d'nutrea Atudea dea batteries de testa dc mtiaiqtic dc 
Seashore et lea plus vieilles batteriea de Kpralwasser, Leg modificalions 
G'qw des tests de Seashore de 'Sena de temps' et de 'Memoire tonnle' sc 
montrent meilleures que ceux-cL Puisque lea percentiles de I’outcur pour 
1e teat de Seashore de 'Sens de rythme' et lea 35573 teats de Kwnlwngsor 
Victor different beoucoup de ceux donnAs par Jes auteurs dc ccs tests, on les 
pr^aente ici. 

Le dernier chapitre cund'ent une Atude ddfnillAe dca lests de musique. dc 
Kwalwiaaer-Dykema. On prfaente des donnAos aur lea cobfrencea, les 
intercGrrslationa, lea rapports uux testa'd'intelligencc' ct les testa dc Seashore, 
les differences de sexe et d'ngc, lea dillicultAa dca points, etc. 


FarnawortU 
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UNTERSUCMUNGEN IN DER I’SYCIIOLOGIE 1?ES TONS UND JDER 

MUSIK 

(Referat) 

Dieac Motiograjihic uinfnf|iib cine Scrlc rdnliv iinvcrwnniltcr Arlikcl iibcr 
die pBycliolugie den Toiia uttd der Musik. 

Im crjieij Knjtiiel wJrd bewienen, daas zuHchineutlc Jlcknniitlieit im 
Ucrcicli dcr Musik mil eincr ziiiieiiiiitDden Nciguiijr cirlicrgcht, Tonelemente 
clicr dIb "gill" wie ala "Bcltkchr zii klnaiiriziercn. 

Irn »iiiclijiie/i Knpflel \vird die Uezkliuiig zwJsclieii rnusikollschcm Tnlcnt 
und LinkBhandigkck licH|iroclien. Pruhere llcliaupiunf'cn im Siniic dner 
poififlvcii Hezieliung zwfgcheri Linkalian^ligkeit und fmisiknliaclicm Toicni 
werden durcli licfmulc, dje mil Pragebogen erzIcU wiirdcii, niclit utitcratiiut, 
Glciclic G'caehicklichkclt Ucider Plande [Bmbidcxicrity], aber, atdlt fiir die, 
die flic lieBiizcni in ibrem Sircben iitch icchnischcn Ziclcn in dcr Muaik cinen 
Varied dnr. 

Nacb lleobncluungcn, die in detn nficliaicn Kupiicl noiiert werden, gibt ca 
Bids hei dein Vcrglciclt zwiBcficn dem "Jnzz" und dcr "Dnerhoimien" Muaik 
cine venvirrende Einwirkmig. Die Icizlere Art wird wnlirachcinlich 
gcreclilcr bcurieilt, nla die erstcre. 

Im vicrlEii Knpild werden die Payclidlogen wegen ihrer llchnndiung dcr 
Liirm- und Diasonnnzfrngcii gctailcit, Lilrm und Disacinnnz aind an sich 
niclit unangcnchin. Sie bererten nicht nur dcr konsonanien Muaik cinen 
KoiiiriiBi, sondetn crzciigcn ofi aucli uliftc deren llilfc Gcfalicn. 

Im iilJiIlcfi Kapiicl bcapricht dcr VcrfuaBcr mil Frugebogen iind Vcraiiclicn 
crhnllcnc Hcfundc iibcr kunlrnaiiercndc Rhylliincn [croas rbydims], Eb 
wird cine ncuc Gcstnlimclliode zur Ueineiaterimg dcr kontrasiicrcndcn 
Rliyiliincn dnrgcliolcn. 

Knpircl 6 (ic7:icitt ricli auf die Vcnveniluiig dcr modcrncn Mctliocic/i zur 
Ndlierung von llcvorziigungen [cxpreiaing preferences] miitcla Sigmnein- 
heiicn [aigmn units], Es vverdcii Uevorziigungarangordnungcn [rniik orders 
of preference] in liezug nuf Biinulian und aufcinnndcrfolgciid dargcbolcnc 
Heizungen mit cliromnilscben Diailen [dynda] und Vicrieltonintcrv'allcn 
iiQlIcrt. Eb wird bcHondera der Ucfuiid beiohi, dnsa die Bevorzugung 
gewiaaer Vicrlcllbnc, die in dcr chromotiaclien Tcnlcitcr nicht vorkomriien, 
starker ial, ala die llcvorzugung andcrcr Tdnc, die innsiknliBcli verwendet 
werden, 

Knpild 7 eniliiilt llcacbrcibungen dcr vcncblcdcnen Weisen, nuf die cin 
mcclinriisclica KInvier [plnyer pinno] von eineni Paycliolog verwendet werden 
knnn. In cincm Aulinng wird cin VcrfRlircn zur Durchliklicriing von 
Trommclwirbcln fiir das meehaltiachc Klnvicr [punching player pinna rolls] 
notierb 

Im aclilcn Kapitcl wird dcmonalricrt, dnsa dcs Vcrfnascra Nciiformulierung 
dea LippS'Meycr'sclicii {^egetzes nur Hir djjs wobJlcmpcrlcrtc Inalrument 
giillig iat [linldn only for ei|iint Icinperamcnt], 

Dniin Werden tveilerc U/iierBiicliiiiigcn der Tcsiscrlcn von Senaborc und 
(in dcr tilicren Form) von Kwalwnsiicr zur I’rilfung dcr muslknllsclicn 
Fiiliigkcit [icBclirrclicn und licaprachen. J^ic von Gnw einge/iiliricn 
veriimlcrien I'urincn der ScaRliorc'scben rruluiipen dca '‘Rliyilinnisgefulila" 
[Rfiiise of lime] untl ((cs "TbngedilclilniB'' [(onnf memory] linlien sidi nls 
den urapriinglicbcn Priirungen iilterlegcn crwicscn. Dn die PinzciUniiLzc 
dir von dem gegenwBriif'cn Ver/asser mit dcr Scdsliorc'sclicn 
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Ptij/un^ des Rhythmusgcfiihjs ili)d niit del) KwfllwflSBBr Victor 35573 Tests 
erhalten wurden, vcn den diirch die uraprungliclien Vcrfoaser crlmllcncn 
atark abweichen, warden ale hier angefflhrt. 

Das letzte Kapitel cnthalt eine aunfOhfiichc expcrimentcll'atalistischc 
Beaprechung der Musikteats van Kwalwaascr-Dykema. Ea werden Bcfuncle 
angefdhrt io Bezug auf Ztiverlasaigfrcilen, JnicrlcorrcjaCiofien, Bc7:ich(icigcn 
zu Intclligenz und zu den Seashore Teau> Geschicclita* ili)d Allcrsun* 
terachiede, Schwlerigkoit der elnzelnen Beatondteile der P/iif(inScnj u. s. >v. 

Farnsworth 
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HISTORICAL PRESENTATION 
A. Nui'RiTiONy\L Relationships 

The relation of behavior to nutrition constitutes a 
problem winch has long interested investigators. Its 
various phases have been the subject of many types of 
experimentation, and a considerable body of knowl¬ 
edge has been accumulated, particularly associated 
around what from the viewpoint of the psychologist 
may be called the grosser manifestations. 

Growth is known to be altered by the state of nutri¬ 
tion. Growth of different body tissues is known to be 
diflferently a/Tccted, in the period of fastest growth the 
skeleton being particularly favored at the expense of 
the muscles especially, but of other parts also, This 
has been noted by Waters (145) on calves, by Aron (4) 
on dogs, by Jackson and Stewart (75) on rats, and by 
Hess (49, 50) on malnourished infants. 

Perhaps to the psychologist the more important 
point here is the permanent impairment either in size 
or in differential structure caused by interference in 
growtJ]. Osborne and Mendel (123, 124) conclude 
that satisfactory adult weight may be attained by re- 
alimentation after even excessive periods of growth 
suppression produced either by quantitative reduction 
of diet or by a large variety of qualitatively faulty 
diets, However, the data of Aron and the exhaustive 
studies of Jackson and Stewart directly oppose the re- 

199] 
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suits of Osborne and Mendel. Jackson and Stewart, 
after study of over three hundred rats from 46 litters 
for approximately a three-year period, report; "In no 
case in which the underfeeding from birth was pro¬ 
longed beyond three weeks did the test rats upon ample 
refeeding reach the maximum weight of the normal 
controls in the same litter." From underfeeding in a 
second group, begun after the first three weeks and 
extended over longer periods, the authors state; "In 
not a single case did the maximum weight upon refeed¬ 
ing reach that of normal controls in the same litter." 

Boas (la), in analyzing growth studies of children, 
comes to a conclusion also opposing that of Osborne 
and Mendel; 'V . . excessive retardation is an unfavor¬ 
able element in the growth and developniciit of the 
individual." 

Physiological age and functional development of the 
organs concerned in reproduction have been shown to 
be markedly affected by the nutritional state. Aron's 
dogs, though of the age of maturity, still had the bark 
of young puppies and the muscular tissue exhibited 
qualities of the young rather than of the mature animal, 
Eckles (ZB, 29) for calves, and Crampton (24, 25), 
Baldwin (5-8), and others working with children 
show a positive relation between size and the chrono¬ 
logical age at which sexual maturity takes place. 

Muscular strength has been believed to be positively 
associated with nutrition on the basis of results svich as 
those of Smedley (HO), using records of tlie ergo- 
graph, The work of Smedley, and also more recently 
of Hollingworth and Taylor (65), supports the same 
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conclusion as to strength of grip measured by the dy¬ 
namometer. Such factors as motivation are recog¬ 
nized as having variable influence here. 

Fur a time the relation of mental ability to nutrition 
held considerable interest for psychologists. The 
height-weight-age index and various tests of muscular 
strength were most frequently used as a measure of 
nutrition, and grade in school, teachers’ estimates, and, 
later, intelligence tests as a measure of mental ability. 
Johnson's (76) study of mental growth of children in 
relation to rate of growth in bodily development is 
cited as one of the more extensive investigations in this 
field. Her conclusion that "mental age of a group of 
the same chronological age does not show a significant 
relationship to weight and height" is iilustrative of 
results generally obtained. The emphasis placed by 
Baldwin (9) and others upon the influence of physio¬ 
logical maturity as conditioning intellectual achieve¬ 
ment was apparently an outgrowth from such investi¬ 
gations. 

Gates (42, 43) essayed a rounding-up of this whole 
question. He gives a summary of the pertinent studies, 
a chronological table of the representative work deal¬ 
ing with relation of physical and mental traits, and a 
selected bibliography to 1924. He concludes that the 
physical measurements are valuable, but that mere 
physical status or maturity, however adequately meas¬ 
ured, apparently docs by no means gauge mental, edu¬ 
cational, social, or emotional maturity satisfactorily. 

Hollingwortli and associates (64, 6S, 120), with 
pairing and a wide differentiation in intelligence of the 
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groups studied, found children who test over 13S IQ 
(Stanford'Bitiet) superior in scholastic achievement, 
in size, strength, and speed. Interest along this line 
has dimitiished, perhaps due to the widely conflicting 
results, the unsatisfactory measures, and the recognition 
of the presence of a large number ot variable iactors 
difficult of control. Roberts (130) has supplied a 
careful critical analysis of the field and with it a se¬ 
lected bibliography. Paterson (126) has brought out 
an extended treatment of the various questions involved 
in relationship of physique and intellect covering all 
available quantitative studies during the past 40 years. 
He concludes that ^‘prevalent notions regarding an 
intimate relation between bodily traits and mental 
development have been greatly exaggerated/' How¬ 
ever, Paterson (47) makes the statement: “The pos¬ 
sibility that a closer connection between physical 
development and mental development may be dis¬ 
covered during the preschool period of cliildhoocl must 
constantly be borne in mind,“ He urges application 
of all lines of such investigation to research with infants 
and young children. With the evidence of this field 
thus so carefully reviewed in successive epochal sum¬ 
maries, no further detailed presentation is attempted 
here. 

Behavior admittedly has many aspects so closely 
interacting as to be extremely difficult to separate and 
to control. Nutrition also has been proved to take in 
many delicately balanced chemical ratios and many 
associated governing influences Hot easily amenable to 
conditions necessary far a. reliAble s,tudy. Urge 



MOTOR LEARNING IN EQUILIDIIIUM 


103 


bcf of subtly contributing variable factors are therefore 
obviously concerned in the total solution of the prob¬ 
lem of this relationship between behavior and nutrition, 
and it has been necessary for the investigation 
of tlie several parts of the pattern to wait upon the 
successive accretions of knowledge and the develop¬ 
ment of applicable techniques not only in the field of 
psychology but also in biochemistry and physiology. 
Biochemistry, through its consistent employment of 
adequate control in the biological method, has made 
outstanding contribution to the progress of science. 
Knowledge of nutrition has been advanced with great 
rapidity and along lines of fine differentiation, such 
as are called for in the problem now under discussion. 
Physiology too has made contributions which have 
bearing upon the chemistry of glandular and muscular 
functioning and other phases of this question. Psy¬ 
chology, although as stated above formerly evincing 
great interest in correlation of intelligence with various 
physical manifestations, has been slow to make use of 
these facts more recently brought forward with regard 
to nutrition and its implications for the reaction of the 
organism. There arc legitimate reasons for this delay. 
The control of the nutritional condition of human re¬ 
actors offers great practical difficulty. In animal ex¬ 
perimentation the repetition of significant work in 
nutrition with testing of its psychological implications 
offers more liopcful possibilities, but for accurate re¬ 
sults probably necessitates considerable extension and 
modification of laboratory facilities. In addition, 
the desirability of liistological, chemical, neuroJogicaJ, 
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and anatomical confirmation of data on the experimen¬ 
tal animals places a considerable burden of organiza- 
tion-uppn such experimentation. Finally, the selection 
and refinement of psychological tests adapted to bring 
out any existent relationship is in itself a major task. 
Though many gaps still exist with regard both to de¬ 
sirable information and needed methods of approach, 
yet seemingly sufficient data of a highly significant 
character are now at hand to justify specific experimen¬ 
tation pointed toward investigation of the relation 
between nutrition and behavior in its various phases. 

With the recent introduction by Dr. Knight Dunlap 
(26, 27) of a somewhat revolutionary hypothesis con¬ 
cerning brain function and his emphasis upon the de¬ 
termining power of the periphery with regard to 
individual differences in capacity, we have moreover 
from the psychological field a fruitful working hypoth¬ 
esis which leads sooner or later into the problem of 
the chemical variations of peripheral tissues and of 
body fluids. The main principles supporting the 
Dunlap (27) hypothesis are summarized in the suc¬ 
ceeding paragraphs. 

"The brain is iin integrating organ, and wc know of 
no other function which it has.*’ On the other hand, 
"discriminatory perception depends primarily upon 
the building of a difference in muscular response. 
. . . Perception is a matter of habit formation," 

With all statements carefully guarded against pos¬ 
sibilities inherent in pathological conditions, and with 
due credit to the mutual interplay between forces of 
hereditary tendency and of environmental influence 
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with regard to variations in mental characteristics and 
capabilities, the claim is made that, as regards the 
brain, the actual difTerences in normal individuals are 
due to differences in training alone. “The training of 
the individual is therefore primarily the training of his 
brain," and "the brahi is the trainable organ par excel¬ 
lence/' 

"The training processes originate in the environment, 
acting through the mechanisms of receptors, glands of 
inner secretion and muscles." The emphasis here 
placed upon skeletal muscle is highly significant as in 
the statements J 

"The brtiin is nn essentially plastic organ, especially in 
infancy and early youth, capable of mcctitiE any dcmrinds 
which tlic receptors, the muscles and the elands, arc able 

to make upon it systcmnticnily.The variations occur 

in the caiKicity of tlic peripheral mcclianism to administer 
the trniiiing. .... The muscles are not merely immccllntc 
agents in adaptation to environment ; they furnish a con¬ 
tinuous component in the stimulus pattern, and hence a 
constant factor in tr.'iining .... As for the diflcrctices in the 
cliemistry of different individuals, and in the function of 
such peripheral mccliiinisins ns the niusclc plate in its relation 
to tlic muscles, wlicrc slight variations would be capable of 
producing large results, we have not even scratched the sur¬ 
face of the problems, The investigation of these peripheral 
factor.s I believe to constitute the most pressing problems 
of psyciiology." 

Much data from different fields must be accumulated 
to constitute conclusive proof or disproof of the prin¬ 
ciples outlined. The Dunlap hypothesis, however, at 
this time serves a highly important purpose in directing 
effort away from abstruse coiistructions and into objee- 
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tively fruitful investigations. It is worth while to 
examine the literature with a view to bringing together 
data bearing upon the influence of chemical variations 
upon the reactivity of peripheral tissues, particularly 
muscular tissue. 

Several psychological researches have been brought 
forth which show recognition of the necessity for ex¬ 
ploration and mapping-out of the range of presumed 
relationships between nutrition and behavior. These 
use animal experimentation and hinge on learning 
ability. 

Anderson and Smith (2) in 1926 made a notable 
beginning with a study of the effect of stunting upon 
maze learning in the white rat. Tlicy expressed the 
opinion, at that time that "not only should much of the 
fundamental classical research be repented in the light 
of this newer knowledge (of nutrition) but that many 
problems not primarily nutritional in character can be 
attacked, using the improved feeding methods now 
available.” These authors reasoned that "if metab¬ 
olism, reproduction and growth are so profoundly 
affected by inadequate nutrition, might it not be ex¬ 
pected that the physiological processes concerned witli 
learning, memory and habit formation would also be 
altered by such conditions?'' To test this idea, they 
paired three groups of female rats on the basis of maze 
records, giving optimum, "qualitatively stunting," and 
"quantitatively stunting” diets. 

On the criterion of time, the results from relearning 
show that, although the three groups made very similar 
performances on the first learning (prior to stunting), 
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iifter 28 chys' stunting both "qualitvitively" and "quan¬ 
titatively" stunted groups were much faster than nor¬ 
mal control rats in running the maze. Following a 
second period in wJiicli all groups were given the same 
diet, more nearly the same records arc shown again. 
The investigators conclude from these results that 
stunted rats arc superior in relearning a maze to rats 
that grow normally. 

The investigation gives a method of attack highly 
significant for psychologists. Its authors advance the 
possibility that stunting produces increased drive and 
makes the animals more active and alert in the maze 
and that rcalimeiitation may lessen and equalize the 
drive, They state that quantitatively stunted animals 
run very much more rapidly per unit of time than do 
either the qualitatively stunted or the normal rats. It 
is therefore possible that this experiment docs not 
clearly differentiate learning capacity. Perhaps one 
conclusive statement can be made on the basis of this 
evidence, namely, that gliadin stLinting at the stage of 
life at which here introduced produces no harmful 
effect upon learning ability. 

Upon this beginning the same authors (3) have built 
a further significant investigation hinging upon the 
motivation and the age factor. With regard to errors 
made in running a maze, the statement is made: "Since 
more errors arc made in less time, this finding would 
indicate that stunted rats run more rapidly than do 
normal rats and would fall in line with the findings as 
to increased activity and support a motivation hypoth¬ 
esis." 
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Realimentation eliminates the majority of tliffcr- 
ences in performance except in maze running, where 
superiority of the normal group in time and errors 
may perhaps be ascribed to the error habit of stunted 
rats as shown in earlier trials. The interesting ob¬ 
servation is made that, in general, in performance 
stunted animals appear to be "nearer normal animals 
of their own weight, than animals of their own age but 
of normal weight.” 

Frank (36) uses a rachitic group, an equalized quan¬ 
titatively stunted group, and an optimum-diet group 
for study of maze-learning ability. Immediate and 
delayed effects of rickets are tested beginning at an age 
of 30 to 35 days. She reports; "Rats with active 
rickets learned the maze in fewer trials than normal 
rats, and with fewer errors, but they consumed more 
time in learning," an increase out of proportion to 
rachitic motor involvement. The shorter time and 
increased errors of quantitatively stunted animals agree 
with the findings of Anderson and Smith. A similar 
agreement is present in the disappearance of differ¬ 
ences in maze learning after realimentation of the 
stunted groups and in the superiority of normal rats in 
relearning a maze. 

Frank concludes that; "If differences in learning 
ability do exist in normal, rachitic and underweight 
animals, the usual maze technique is inadequate for 
their demonstration." 

With regard to stunting, McCollum and Simmonds 
(107) make the statement: 
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"It is true that rats which arc stunted by means of pro¬ 
tein starvatiun retain for long periods their capacity to 
resume growth. Tile form of the grown animal is closely 
similar to tliut of rats whose gruwtli to adult size has been 
uninterrupted. MeCnihim and Simnionds (unpublished 
data) liiivc found, however, that rats kept upon diets, the 
iiuirg.anic content of which was unsatisfactory, develop ab¬ 
normal frames and become deformed. Any nutritive 
regimen which will induce rickets will markedly interfere 
wirJi subsequent growth. 

"Animals whose growth has been suspended by depriving 
them of either vitamin A or B arc able to resume growth 
upon the inclusion nf the inkssiiig substance in the diet. It 
is impossible, hoAvever, to carry animals on such diets for 
long periods." 

McCollum and Simmonds (107) have also made 
significant statements as to qualitative changes in the 
protein of the diet. 

"A Jorge group of rat.s were restricted to diets wliieli were 
faulty in dilferent degree.^ with respect to the quality of 
tlicir protein. The experiments included the period of 
growth, and of adult life, at least to the point of develop¬ 
ment of senile character.*!. Fertility and svicccss in the nurs¬ 
ing of young, the stability or instability of the nervous 
sy.stcni ns sliown by indifference to being handled, whicli is 
ciiaractcristic nf well-nnurislied rats, or the appreliensivc- 
ncss and timidity of many malnourished ones, were carefully 
observed. Successive generations of the families, where 
young were reared, were maintained on the family diet. 

The deviation of the quality of the protein moiety of the 
diet even in slight degrees from the optimum, exerted a 
profound influence on the life history of the animals and 
on the functioning of the ncrvnu .1 system." 

They further state that the faults of a diet need not 
be greatly pronounced to produce physical clctcriora- 
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tion when such a regimen is adhered to over any con¬ 
siderable period. 

Just recently, Maurer and Tsai (100) in a well- 
controlled investigation secured results of ai'resting 
implicatian from a study of the effects of early vitamin 
B depletion upon maze-learning ability of adult white 
rats. Depletion in the antineuritic vitamin is pecu¬ 
liarly important for research bearing upon learning 
ability, though perhaps not wholly for the reason 
stated by the authors that "it-has been universally ac¬ 
cepted that learning ability is primarily n function of 
the nervous system." Suckling rats were drastically 
depleted of vitamin B through the mother’s diet until 
weaned. After weaning, the depleted group was 
brought up to approximately the weight of the control 
group reared on an optimum diet throughout, and, foe 
28 days previous to the maze learning, experimental 
and control groups were given the same complete diet. 
Food was always in the cages, thus eliminating extreme 
hunger. Nevertheless, the authors report both groups 
as eager for the incentive wheat germ. This careful 
control of motivation by Maurer and Tsai is of out¬ 
standing importance for all investigation of behavior 
changes in groups differentiated on a basis of nutrition, 
.Otherwise, the nature of the nutritional change v\iay in 
itself cause an accompanying change in motivation and 
thus introduce a potent source of error, as pointed out 
previously. The results obtained from the depleted 
and the normal groups justify the investigators’ state¬ 
ment that "with all criteria of measurement (trial, 
error, retracing, time) normal rats exhibit far better 
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average and median scores in maze learning than those 
which have been depleted in vitamin B through the 
mothers' diet during the nursing period. Normal rats 
arc about twice as elhcient as depleted animals." Pair¬ 
ing of records of animals in litters having the same 
parents and pairing of records by wcigJit show the same 
results ns mentioned above. 

The authors state that a neurological and a chemical 
research on these groups are also in progress, which 
results will be correlated with the findings already pub¬ 
lished. They are deserving of much commendation, 
not only for careful control of a number of variable 
factors, but for this effort to include a report on the 
neurological and chemical changes to the end that as 
much information ns possible shall be gleaned from the 
experiment. 

A study by Fritz (40) of maze performance of the 
young adult rat includes a vitamin B deficiency in one 
group, but obscures its effects by inclusion also of com¬ 
plex mineral changes (iron, iodine, chlorine). 

Some further examination of the facts associated 
with vitamin B deficiency as brought out by former 
experimenters is necessary for fuller interpretation of 
this recent work, even though results of earlier work 
may be somewhat clouded by lack of knowledge of the 
vitamin D complex and of the associated vitamin G. 
However, on this point McCollum (107) states that "it 
has been demonstrated that a deficiency of this sub¬ 
stance (vitamin B) causes a degeneration of certain 
peripheral nerves with paralysis and atrophy of the 
corresponding muscles." In beri-beri, a deficiency 
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disease associated with lack of vitamin B, nerves of 
motion and of sensation ate both markedly affected. 
McCarrison's (103) work shows the loss of the co¬ 
ordinating power of the nmsclcs as the most striking 
manifestation of the polyneuritis produced by Uus de¬ 
ficiency. Polyneuritic birds, however, show rapid 
recovery from nervous symptoms when complete diet 
is supplied. The severe vitamin B depletion of suck¬ 
ling rats in which the nervous systena is incompletely 
developed may be expected to have produced marked 
inhibition of the development or even degeneration of 
peripheral nerve tissues. Such extensive injury during 
the developmental stage must presumably preclude 
complete regeneration^ thus permanently impairing the 
connections of both afferent and efferent routes. The 
Maurer-Tsai experiment may therefore have partially 
accomplished for the periphery, as regards both soma¬ 
tic receptors and effectors, what the Franz (37) isola¬ 
tion of the occipital cortex accomplished for the retina. 
Some further qualitative description of the depleted 
group might here be of significance with reference to 
regeneration, What is the comparative speed of move¬ 
ment of the two groups, irrespective of maze Learning? 
Are anomalies of any kind present In the gait or other 
movements of the depleted rats? 

The results of this experiment as thus far published 
appear to fit into the Dunlap hypothesis, Early vita¬ 
min B depletion presumably produces extensive per¬ 
ipheral injury to the connections from receptors to 
effectors. The peripheral mechanisnij in consequence, 
being partially shut off, becomes incapable of admiiiis- 
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tering a brain-training comparable to that experienced 
by the undepjetcd rats. Verification or disproof of the 
premise must await report of the histological changes 
discovered in the depicted ruta. The importance of the 
inclusion of histological evidence in such psychological 
studies involving nutrition is obvious. 

Because of the pronounced immaturity of the rats at 
the time of depiction, it is entirely possible that changes 
in brain and spinal cord and in other tissues may be 
found suflicient to confuse the issue. For this reason, 
so highly significant an investigation may well be sup¬ 
ported by at least two repetitions, one planned for half- 
grown rats, and one for young adult rats. In each of 
such repetitions, an initial learning scries, paired 
grouping with drastic depiction previous to a second 
learning scries, rcalimcntntion, and a final learning 
series should add significant information. The more 
nearly complete histological picture to be secured from 
the succession of experiments using depletion in (1) 
the suckling period, (2) later growing period—after 
weaning, and (3) young adult life seems particularly 
valuable to psychology at this time. Examination of 
histological changes in ncrvc-cell structure should be 
supported also by investigation as to changes in the 
muscle cell. This evidence with the related learning 
records for eacJi stage of life is highly important with 
reference to the Dunlap hypothesis, and hence to a bet¬ 
ter understanding of learning. 

The Dunlap hypothesis placed particular emphasis 
upon the function of the effectors, that is, glands and 
skeletal muscles, for purposes of training. The con- 
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ditions of reactivity of glandular tissue are omitted 
here, although a considerable body of supporting evi¬ 
dence is available on that phase of the problem. ihe 
muscle plate also, upon ■which there is recent significant 
data, is disregarded in order to center discussion more 
clearly upon the two factors of nerve connection and 
skeletal muscle, This narrowing of the peripheral 
field is legitimate, since obviously, if training is de¬ 
pendent upon response, it is dependent likewise upon 
the reactivity of those tissues concerned in that response. 
Admittedly, skeletal muscles play a major part in 
response. 

In line with this narrowing of the held under discus¬ 
sion, it may perhaps tentatively be assumed that the 
vitamin B depletion experiment holds constant (at 
least comparatively speaking) the factor of the con¬ 
dition of skeletal muscle while varying the factor of 
nerve connection. It is desirable also to examine this 
relation from the opposite approach. What are the 
inferences as to results to be obtained from holding 
constant the nerve connection and varying the nutri¬ 
tional state of the muscular tissue? The reactivity of 
any tissue is clearly dependent upon the stimulability 
of its component cells. Thus is envisaged the funda¬ 
mental importance of changes in cellular structure and 
in the chemistry of blood and lymph, together -with the 
ultimate relationship of response to nutritional factors 
acting upon cell and fluid. The Dunlap hypothesis, 
with its emphasis upon the training function of skeletal 
muscle, leads directly to the consideration of the sup¬ 
porting evidence relating to the chemistry of muscle- 
cell reactivity. 
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In order to ferret out the possible lines of connection 
between nutritional influences and cellular reactivity 
of muscles, it is necessary to examine two groups of 
evidence’: (1) What is the influence of nutritional ele« 
ments upon the essential structure of the muscle cell 
and hence upon its reactivity? (2) What influence 
upon muscular reactivity has the chemical variation of 
those body fluids, the blood and lymph, which nourish 
tliesc cells? 

Tlie researches having bearing upon the power of 
nutrition changes to produce consequent changes upon 
the essential structure of the cell are first to be consid¬ 
ered. By structural change is meant a modification of 
the cell in its nuclear or cytoplasmic content such as to 
affect characteristics other than size. Long-continued 
change in characteristic shape of the cell is considered 
as produced by structural modification, It is assumed 
that an axiomatic statement may be made that change 
irr strtfcturc pcaduc^ s<fnie consequcai: change in the 
reactivity of the cell. 

Data are jiow available to demonstrate that specific 
changes in diet produce structural changes in the cells 
of epithelial, endothelial^ and bone tissues. Deficiency 
of vitamin A has been shown byWason (144), Yudkin 
and Lambert (148, 149), Mori (121, 122), Evans and 
Bishop (31), Wolbach and Howe (146, 147), and 
others to be associated with stratified horny changes of 
the normal epithelium. According to work of Wol- 
bach and Howe (147), in men and in the rat a specific 
effect of vitamin A deficiency is seen in epithelial 
structures and results in the substitution of stratified 
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keratinizing epithelinin for normal epithelium in the 
respiratory tract, alimentary tract, eyes, parocular 
glands, and genito-urinary tract. Mason (99) has 
shown that male rats fed an inadequate amount of 
vitamin A become sterile within a few weeks even 
when an abundance of vitamin E is present, 1 he ger¬ 
minal epithelium of the testes degenerates and sperm¬ 
cell formation ceases, So uniformly associated with 
epithelial changes is depletion in vitamin A that Macy, 
Outhouse, Long, and Graham (91) have designated 
the presence of keratinized epithelial cells in the vagi¬ 
nal smears of virgin rats as an early and reliable sign 
of vitamin A deficiency suitable for use in the biologi¬ 
cal assay of foods for vitamin A. McCollum and 
Simmonds (107) rate this procedure for making the 
assay as probably the most accurate available jnetJiod. 

McCollum (106) has summarized the effects of de¬ 
ficiency of vitamin C as follows: 

"Deficiency of vitamin C has been shown to alfcet pri¬ 
marily the endothelial cells forming the capillary blood 

vessels.the influence is manifested in a loss of power 

to produce the cement substance holding the ciulotficlial 
cells fogether in the membrane, Recently Hiijcr (63) has 
pointed out that before tJic circulatory system is damaged 
to an observable degreCj the odontoblastic layer lying next to 
the dentine in the pulp cavity of the teeth suffers alteration 
in structure," 

Sufficient evidence appears to be available for the con¬ 
clusion that endothelial cells may be altered in struc¬ 
ture by nutritional changes. 

The production of marked changes in the structure 
of developing bone cells by alteration of nutrition with 
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regard to the calciuin-phosphotus ratio and the vita¬ 
min D control is abundantly demonstrated in a long 
list of careful experiments. Associated with these nu¬ 
tritional changes, a recognized zone of abnormal 
growth occurs at the end of the shaft. This zone, 
known as tlic rachitic inctaphysis, shows a wide variety 
of histological changes, blood vessels, cuiincctivc tissue, 
osteoid, marrow elements, and cartilage cells in all 
stages of degeneration and metamorphosis into other 
tissue. There is a tendency to persistence of cartilage 
with lack of calcification. 

Extended scries of experiments by McCollum and 
co-workers (lO'l-, 108-113), Shipley and co-workers 
(139), Sherman (134), Mellaiiby (115), Hess and as¬ 
sociates (52, 5,T, 56), Stccnbock (141), Hills (15-17), 
and others attest to these structural changes. Care¬ 
fully prepared sections of bone tissue showing the his¬ 
tological changes associated witli tlic producing dietary 
changes are available. So characteristic and uniform 
arc these histological changes that the McCollum 
(107) “line test," consisting in the dietary production 
of the rachitic metaphysis and observation of the 5-day 
amount of calcification produced along the horizontal 
line attendant upon healing, is widely used in con¬ 
nection Avilh biological assay of foods as to vitamin D 
potency. 

Very recently, Klein, Decker, and McCollum (77) 
have secured the striking evidence in tooth structure 
of aliernale liands of delicieiuly calicified and of more 
thoroughly calcified structure coinciding in general 
to aiternale periods of feeding on a strontium and on 
an adequnle diet. 
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The preceding findings are reviewed here in an 
attempt to find an answer to the question : What is the 
influence of nutritional elements upon the essential 
structure of the muscle cell and hence upon its reac¬ 
tivity? A great weight of evidence is available on this 
point with regard to epithelial, endothelial, and bone 
tissue. Presumably, similar proof is present for nerve 
tissue, though this has not been systematically pre¬ 
sented here on account of some clouding of the results 
from the vitamin B complex and vitamin G, the so- 
called antineuritic and antipellagric factors. Kruse 
and McCollum (81) have just reviewed the literature 
on the antineuritic vitamin. 

Mention of the accompaniment of muscular clianges 
is also found in the literature, but the histology of these 
changes seems not to have been so uniformly and sys¬ 
tematically investigated as that of the tissues previously 
mentioned. Jackson (74), in a summary of the effects 
of total inanition upon the niusculaturej states that “the 
histological changes in skeletal muscle fibers involve 
first a simple atrophy—a decrease in size with no evi¬ 
dent changes in structure." This accords with the 
common inference that such muscular changes as occur, 
since quantitative only, involve nothing other than a 
weakening of the response. True, it is conceivable that 
a weakened response may have less training effect than 
a vigorous response. However, it is noteworthy that 
Jackson includes other changes as substantiated by the 
evidence at hand, To quote further: 

"Lsiter, certain of the musdt fibers begin to show degen¬ 
erative changes with progressive loss of tlic characteristic 
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strintions of tlm myofibrillac, grnnuUr (fatty, albuminous 
or pigmentary) degeneration in the sarcoplasm, . . . TJie 
nuclei are more resistant and often undergo proliferation. 

A variable degree of li3'pcrplasia (fibrosis) occurs in tlie 
interstitial connective tissue, The extent of the degenera¬ 
tion varies greatly, not only in dilTcrcnt fibers of the same 
niusclcj but also in muscles in dirt'crcut regions of the body," 

Similar changes have been reported from depletion 
of selected nutritional factors. Baiiu (11), in an in¬ 
vestigation of the muscular pathology of human 
rickets, reports the muscle libers uniformly atrophied, 
with disappearance of the cross striations, increased 
distinctness of the longitudinal striations, multiplica¬ 
tion of the muscle nuclei, and increased connective 
tissue. McCarrison (103) describes changes in the 
musculature of the polyneuritic chicken and pigeon, 
and Funk (41) has also noted them in polyneuritic 
birds. Hess (51, 54, 55), in his work on human and 
animal scurvy, notes in degeneration of the muscle 
fibers, hemorrhages, variable pigment deposits, and in¬ 
terstitial fibrosis. ITdjer (63), in scurvy, finds hemor¬ 
rhages, atrophy of the muscle fibers, and necrosis with 
calcification. 

A conservative attitude toward the results now at 
hand, incomplete though they are at various points, 
does not prevent its estimation as presumptive 
evidence that a close relationship exists between nutri¬ 
tional factors and the intracellular structure of muscu¬ 
lar and of other tissues. With regard to this whole 
subject of histological changes, McCarrison (103) 
considers these nutrient principles now known as vita¬ 
mins ns "certain nuclear ingredients essential for the 
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nutriment of the living nucleus. They are 'nuclear 
nourishers' without which multiplication of cells does 
not occur. The term nucleopast (that which feeds the 
nucleus) might well be applied to them.” 

It remains to examine the evidence on the question: 
What influence upon muscular reactivity has the chem¬ 
ical variation of those body fluids, the blood and lymph, 
which nourish these cells? To quote Howell (68) 
on this point,, as stated in the eleventh edition (1930) 
of his Textbook of Physiology: 

"The main salts .... arc bound up in the structure of 
the IWing molecule and are necessary to its normal reactions 
or irritability, Even the proteins of the body liquids contain 
definite amounts of ash, and if tliia flsh is removed, their 

properties nre seriously altered.The peculiar port 

played by the calcium, potassium and sodium salts in the 
rhythmical contractions of heart muscle, the Irritability of 
muscular and nervous tissues, and the permeability of tlie 
capillary walls and other membranes has been referred to." 

Howell summarizes the present knowledge with 
regard to the action of calcium, potassium, and sodium 
ions in the blood and lymph upon the projDcrties of 
heart muscle, " , , . there is a balanced activity, and 
. . . the presence of all three in the propoctions found 
in the liquid of the blood is essential for the normal 
activity of the heart” 

Although in experimental work concerning heart 
muscle the differences in the muscle structure and in 
the periodicity of its function need to be kept in mind, 
yet work confined to skeletal muscle seems to confirm 
the belief that the same basic principles arc operative 
With regard to the proportionate chemical concentra- 
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don of the ions in the blood, A considerable list of 
brilliant and careful researches has carried forward 
the body of knowledge as to the action of the chemical 
ratios of the blood upon muscular tissue. Biedermann 
(13, 14), Ringer (129), Locke (fi-5), Friedenthal (39), 
Jaciiucs Locb (B6-H9), and others have made valuable 
contributions. The results of Loeb's investigations, 
together with tlie basic principles involved, are here 
summarized. Muscle preparations (gastrocnemius) 
of the frog were used iu a series of e:xperimeats. A 
muscle placed in pure sodium chloride solution isotonic 
witli the blood soon begins and continues during life 
to twitch rhythmically. Upon addition of a small 
definite amount of soluble calcium salt, the twitchings 
cease, though tlic muscle lives longer in such a solution 
than in the pure sodium chloride soiiition, (Cf. 
Ringer's solution,) That the capacity for irritability 
is not lost can be prrwcd by removal of the muscle from 
the saftffian and fe^firfg by riie faradre ctrrrerit. Lacb 
concluded thei-eforc that we owe it to the calcium and 
the magnesium ions in the blood that our skeletal mus¬ 
cles do not twitch or beat rhythmically. 

A further scries of experiments is based on the fact 
that the muscle itself contains calcium salts capable 
of precipitation. By putting the muscle into solutions 
of sodium salts, which by entering the muscle precipi¬ 
tate the calcium contained in it, still more powerful 
rhythmical contractions were produced, Friedenthal 
at about this same time showed that the injection into 
the body of an animal of any salts capable of prccipi- 
tatjjig calcium is followed almost immediately by 
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twitchings D^ all the muscles. Loeb (89) clearly 
states his belief 

"that the normal quaUtleSj cspccinlly the normal irritability, 
of animal tissues depend upon the presence in these tissues 
□f Na-, K-, Ca-, and Mg-ions in the right proportion; 
chat these ions are at least partly in comhination with col¬ 
loids (proteins or higher fatty acids or possibly carbo¬ 
hydrates), and that any sudden change in the relative pro¬ 
portions of these ion lipoids or ion proteins or ion carbo¬ 
hydrates alters the properties of the tissues and gives rise 
to an activity or an inhibition of the activity, according to 
the sense in which the change takes place.” 

Meltzer and Auer (116) later demonstrated the an¬ 
tagonistic action of calcium upon the inhibitory effect 
of magnesium. They used the live rabbit and the 
monkey (Macacus rhesus) and conducted a number 
of experiments with uniform results. Their facts, as 
illustrated by intravenous infusion of various calcium 
salts, support the general conclusion that calcium cITi- 
ciently antagonizes the abnormal activity of its three 
inorganic associates in the human body, magnesium^ 
potassium, and sodium, be the activity an over-inhibi¬ 
tion or an over-excitation. 

Recently, Bouchaert and Belehradek (20) have ob¬ 
tained confirmatory results as to the general principle, 
though their specific concentration is at variance with 
that previously used. 

On the basis of the blood findings and the clinical 
symptoms, Kramer, Tisdall, and Howland (80) ex¬ 
press the belief that the increased irritability of the 
neuromuscular mechanism in infantile tetany is due 
to a reduced concentration of calcium in the blood 
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serum. In such cases the calcium content of the blood 
is Invariably reduced during active symptoms of tetany. 
Administration of calcium chloride by mouth, more¬ 
over, overcomes the spasm and results in a raised blood 
calcium. 

In the light of the foregoing evidence there can be 
little doubt that changes in the chemical ratios of the 
blood must of necessity affect the reactivity of skeletal 
muscles. 

A further transition remains. Do dietary variations 
of chemical nature, unless of a most drastic type, affect 
to any significant degree the blood ratios? Or, on 
the other hand, are there in the human body (and in 
other animal organisms) sufficient stabilizing mechan¬ 
isms, as, for example, the parathyroid glands and the 
buffer reaction of the blood, to render it unlikely that 
any significant number of the dietary variations which 
ordinarily occur may constitute nutritional change 
sufficient to produce a consequent detrimental altera¬ 
tion in chemical blood ratios? 

Jackson (74) makes the general statement that, al¬ 
though relatively stable, the blood is found to undergo 
variable changes in nearly every type of inanition. 
The term inanition is used by him to designate insufli- 
ciency of all nutriment or insufficiency of one or more 
essential food elements. He further states that “the 
blood plasma is subject to various changes in chemical 
composition although for a long time its losses may be 
restored through absorption from the various tissues." 

The data with regard to this point concern chiefly 
the blood changes associated with rickets and tetany 
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oa wliich successive careful analyses have been made, 
Howland and Marriott {71, 72) early noted the normal 
calcium of human blood as 10 to U mg, per 100 c.c, 
of serum. They find a lowering to 8 mg. in some 
cases of rickets and an invariable reduction of the 
serum calcium in active tetany even to ns low a figure 
as 3.5 mg. per 100 c.c. The giving of calciuin chlo¬ 
ride by mouth causes prompt relief of the spasm and 
is accompanied by rise of the blood calcium. The 
serum calcium was found by Kramer, Tisdall, and 
Howland (80), in a large series of rickets cases asso¬ 
ciated with tetany, to be about S.4 mg. or approxi¬ 
mately half the normal. 

Howland and Kramer (69) found in rickets a 
marked decrease in the inorganic phosphorus of the 
serum. In a later report they (70) State for rats a 
normal serum calcium of from 9,5 mg. to 10.5 mg. 
and a normal serum phosphorus of from 7.0 to 8.5 
per .100 c.c, These normal values are not further in¬ 
creased by diet or by ultra-violet light. However, by 
feeding diets very low either in calcium or in phos¬ 
phorus die concentration of these elements in the scrum 
can be diminished by as much as 50 per cent, 'riicsc 
effects are, of course, capable of stabilization by cod- 
liver oil, by the prepared vitamin D, viosterol, or by 
irradiation. 

The work of Howland and Kramer demonstrates 
the importance of the product of the concentration of 
calcium and phosphate ions in the blood. They found 
in uncomplicated rickets a serum having a practically 
normal calciurn but a lovr pliosphorus corvccutvatioii, 
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the product of the two figures being at or below 30. 
In tetany, however, the phosphorus may be near the 
normal, hut a low product results from the striking 
reduction in the calcium. 

Holt, LaMcr, and Chown (66, 67), and more re¬ 
cently Adams and McCollum (1), have shown the 
technical application of this principle of the ion-prod¬ 
uct values of calcium and pliosphorus to indicate 
whether test animals show active rickets or healing. 
McCollum and Simmonds (107) state that "the re¬ 
sults of blood analyses can be correlated with 'line 
test’ (i.e., histological) observations in practically all 
cases." 

That the blood changes are referable to dietary 
changes and that these changes proceed on a gradation 
basis rather than according to an all-or-nonc principle 
is shown aptly in Table 1, taken from data of Kramer 
and Howland (79). 

l^yie hfood changes here shown were produced in 
rats subjected for 40 days to the designated diet begin¬ 
ning at an age of 30 days. 

It will be noted from the table that, with deficiency 
of the stabilizing vitamin D, variation in the calcium 
of die diet produced a closely related variation in the 
serum calcium, A generally consistent relationship 
was shown also between the proportion of calcium to 
phosphorus in the diet and in the serum. 

Petersen (127), in a study of uiiiinited fractures, by 
application of the principles elaborated by McCollum, 
Simmonds, LShipley, and Park, and by Howland and 
Kramer, used diets which lowered the seruin-phos- 
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table I 

of Euti’et'. Fat 1%| Filospugbus 0.69t;i Vakmiilu 
Calcium of Diot on Ca. and F ov Surum 
From Kramer find Howland (79) 


Diet 

Cn/P 

ill 

diet 

Scrum 

Ca 

Scrum 

V 

Rain 

Rm, 

P =0,6 I 




1+ 

00=0.14- ) 

P =0.6 1 

0,2+ 

4.6 

11.3 

Ca=0,2+ 1 

P =0.6 \ 

0.40 

J.B 

10.1 

18 

Ca=0.H ) 

F =0.6 \ 

0.7+ 

i.6 

12.2 

20 

C[L=a,6+ ' 

P =0.6 

1,07 

7.3 

11.6 

3i 

Ca“Q.H 

P =0.6 

1 1.40 

B.a 

8.a 

33 

Ca«l.04 

P =0.6 

j 175 

) 

10.0 

7.4 

40 

Ca=I.2‘t- 

2.07 

10.9 

6.5 

28 


phorus concentration in dogs. He produced a con¬ 
dition ill which the calcium phosphorus was less than 
30. For union of fractures he found it necessary to 
raise this product again to the normal, which he ac¬ 
complished by dietary changes. 

The responsiveness of the blood chemistry of the 
human adult to dietary changes is shown in a clinical 
study of an ununited fracture case also reported by 
Petersen (128). The initial blood chemistry showed 
a low calcium-phosphorus product. Dy giving a 
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varied diet with daily inclusion of 2.0 gm. of calcium 
carbonate, 1.0 ounce of cod-liver oil, SOO c.c. of but¬ 
termilk, and orange juice or raw vegetables, and also 
with calves’ liver three times a week, the following 
changes were produced (Table 2). 

TABLE 2 

Erri'L'T or Diet uvon CALciuM-PnospnoRua Product 
]N Human Blood Slrum 
From Petersen (128) 


Pole 

Cn 

P 

Product 

Nov. 7 

lO.B 

2.225 

2'kO 

Jqii. 2 

10.3 

3.75 

3B.1 

Fcl). 18 

10.4 

4.0 

41.(J 


From the foregoing evidence, it appears then that 
dietary changes in the absence of suflicient regulatory 
factors produce roughly proportionate changes in the 
chemical ratios (jf the blood plasma. Furthermore, 
such nutritional changes affect intracellular structure 
of the various tissues. It appears that these changes 
of the blood ratios and of intracellular structure affect 
the reactivity of the tissues, muscular tissues as well 
as others. Dr. K. V. McCollum (personal communi¬ 
cation), from extended observation of rats in various 
stages of depiction and in depiction of different nutri¬ 
tive factors and from experience also in building up 
an exceptionally high standard of optimum nutrition 
in a rat colony inbred fur many years, makes several 
sigiiilicant statements which bear upon this general 
problem, 

"1. Kills sliiiw tfiuly and incrvasiiif; beliavinr cIuuikcs in 
the irinii'sc of ileDletiiin in certain specific food factors. 
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" 2 . Tlici-e changes in man)'' cases, parlicularly as in llic case 
of calcium ilcplctioii, appear to indicate ;v hy|)ci'- 
sensitivity to stimulation, in otlicr ■words a lowering of 
the tlircsholcl of stimulation. A wide range of hchavuir 
variation is liowcycr obscnrablc. 

“3. The changes arc such ns might be explained on the 
basis of .alterations produced upon ccillnlar activity. 
Changes in training arc not involved since this is 
routine, 

"4. Correction of the dietary dcncicncy in certain tlioiigh 
not in nil instances is necompanied by fading out of the 
behavior anomaly whether of hypercxcitahillty or of 
other type," 

It may be said that the evidence reviewed seems 
to show a strong probability that nutritional changes 
affect tissue reactivity and hence, according to the 
Dunlap hypothesis, influence greatly the brain-train¬ 
ing capacity of the periphery, particularly the muscles, 

B. Analysis of Sludies of Equilihrium 

The devising of valid means for testing in vivo 
neuromuscular performance with reference to nutri¬ 
tional condition constitutes a major problem. As a 
beginning toward this end, a test of equilibrium is 
here presented, which appears to necessitate a pecu¬ 
liarly delicate type of motor coordination as well as 
a finely integrated adjustment, A lengthy learning 
series is used. 

This section of the historical development is con¬ 
fined more or less strictly to experimentation having 
to do with the particular type of test used in this study. 
Results from work with adults as well as with children 
are presented as significant for purposes of analysis. 
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McGinnis (114) gives a review of the studies on 
motor coordination in general of children, together 
with a complete bibliography to 1929. Her chrono¬ 
logical tables, giving experimenter, tests used, and 
results obtained, are particularly interesting, 

Tiic study of equilibrium dates from relatively early 
investigations. It has been pursued from the point of 
view of a variety of interests. However, valuable con¬ 
tributions from the many lines of research still fail 
to produce a sum total of knowledge sufficient to ex¬ 
plain satisfactorily and completely the several factors 
concerned in the development and maintenance of 
human equilibrium. 

Problems of bodily mechanics appear to have in¬ 
terested the earlier investigators. Their studies of 
erect bodily posture and of the ability to maintain 
balance wore largely directed toward the location of 
the center of gravity. 

Palmer (125) has made a recent study of the center 
of gravity in the human body. This report, as yet 
unpublished, reviews the literature and gives a com¬ 
plete bibliography on the subject. 

In line vvith the ftiitlings of the earlier work, the 
efficiency of the military posture, particularly the 
"attention position," was called into question. This 
was early studied in Germany. Liiciani (90) reports 
Vierordt's observations dealing with the topic of equi¬ 
libration in some detail. 

Practical tests of equilibrium have been utilized in 
medical practice. Lack of steadiness of the organism, 
whether in locomotion or in ability to hold the upright 
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posture, is readily observable and for certain judg¬ 
ments demands no delicate techniques. Romberg 
(131), as early as 1851, in hi& classical study of (abes 
dorsalis had outlined some of the chief chnrActcristics 
of static equilibrium, particularly with reference to 
the pathological. This clinical research brings in an 
implied emphasis upon the factors of control froin 
the central nervous system. Equilibrium becomes 
more than a problem of the physics of bodily balance. 

Perhaps because of the stimulus of the early work 
of Romberg, perhaps because of the greater case in 
objective measurement, static equilibrium has received 
the more attention in laboratory investigations. To 
Viefordt, Luciani gives credit for first using the 
graphic record in the measurement of sway. The 
mechanism of the ataxiagraph using a kymograph is 
a development from this work. 

Weir Mitchell as early as 1886 used an objective 
and numerically accurate method of testing station. 
With Lewis, he (119) reports lateral sway as about 
50 per cent less than anterior-posterior, 

Romberg (131), particularly through his emphasis 
upon the invariable character of the clinical sign whlcli 
today bears his name, directed attention to the visual 
factor in static equilibrium. Practically all earlier 
experimentation employs a differentiation on this basis. 

Hinsdale (61) in 1887 made a quite extensive study 
of the visual factor. He reports that 12 normal adults 
show an average increase of 54- per cent in sway on 
both horizontal axes when eyes are closed. With 25 
girls of ages 7 to 13 years, closure caused an increase 
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of 40 per cent. Hinsdale then tested 39 blind subjects, 
wlio showed an increase of 76 per cent over normal 
subjects with eyes open. In 17 deaf mutes closure 
of the eyes increased the sway only 37 per cent. A 
later experiment by Hinsdale (62), 1890, shows an 
increase of sway of 65 per cent in 12 normal adults 
with eyes closed. The accuracy of the recording de¬ 
vices and also the comparable character of the subjects 
of the different groups may perhaps be called in 
question by the range of the deviations reported by 
Hinsdale. 

Hinsdale finds observation of marked sway to right 
rather than to left in the majority of normal subjects. 
While right-handed people almost invariably tilt to 
the right, 12 out of 22 left-handed were inclined to 
tilt to the left. He states that children sway abso¬ 
lutely more than adults. 

Hilliard and Brackett (21) in 1888 measured by 
(iiaifiii fhe iTfa.vragnrp’^r tiie stuitc t?/ 

healthy men undergoing competitive pliysical exam¬ 
ination. Their tests show men from 20 to 30 years 
to be 4 per cent better with eyes closed, a linding con¬ 
tradictory to the usual report. Of the 150 men tested, 
80 per cent showed a final head position definitely in 
front of the starting-position. Miles (118) states that 
ataxiameter rectircls also show anterior movements 
nearly always largest. This he attributes to the fact 
that the point of bearing at the ankle joint is 5 centi¬ 
meters behind the coronal plane, thus constituting the 
point of greatest tension and throwing upon the soleiis 
muscles the burden of preventing the falling-forward 



132 


ElINOR LBII DUGHK 


of the body. He further states that the solcus muscles 
appear to relax gradually during the test, allowing 
the total center of gravity to shift forward, 

Hancock. (46) in 1&94 secured measurements on ISH 
children from 5 to 7 years of age. One hundred and 
ten were less steady with eyes closed. Age differences 
were noticeable in the 3-year range. Sex dilTerences 
favored the girls. 

Bolton (19) used the ataxiagraph in 1903 to study 
the relation of motor power to intelligence. 

AVallin (143) in 1912 gave the ataxiagrapli a place 
in his studies of defective children. He reports sway 
slightly greater for female than for male epileptics, 
particularly in the lateral direction. Closing of the 
eyes increases oscillation in both directions, more for 
low-grade than for high-grade cases. 

Melville (117), 1913, was interested in studying 
the attention position as required in military practice, 
the arrangement of the soldier’s equipment pack, and 
the recording of fatigue effects. He gave particular 
attention to important anatomical considerations ap¬ 
parently in connection with the ataxiagraph findings 
of other investigators. To quote his statements freely, 
the human body is practically symmetrically disposed 
on either side of the sagittal plane, but asymmetrical 
as regards the coronal plane, which facts largely ac¬ 
count for the greater lateral than anterior-posterior 
stability. It is composed from above downwards of 
several segments (head, trunk, thigh, leg, foot), each 
affixed without rigidity to the next. Each segment 
possesses a center of gravity peculiar to itself which 
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must be considered in relation to the point of support 
on the segment just below and to the area of support 
on the ground. 

Miles considers sway to be perceived and controlled 
in so far as this takes place almost entirely through 
the lower limbs. The ankle carries the brunt of the 
movement of body sway. Here he makes a slgnih- 
cant point from the work of Goldscheider (44), who 
has reported the ankle as the least sensitive of the large 
joints to angular rotation, the threshold being from 
.75" to 1.50“ It is iJi the soleus muscles in their rela¬ 
tion through the ankle joint that the subject most 
actively exerts control to maintain a fine balance. The 
ataxiagraph, in short, in Miles’s opinion records the 
play of forces between these muscles and all that may 
act as antagonistic to lltejn. 

The earlier use of the ataxiagraph in military 
research in connection with problems of bodily me- 
chanics was greatly augmented by the development 
of aviation. Many tests related to body equilibrium 
attained promincjicc because of apparent value for 
predicting ability in Hying. Tlie ataxiagraph was 
used with aviation candidates mainly as a test of the 
condition of physiological and psychological control. 
Stratton (142), and also Hcjunon (48), gave it a place 
among tests of value in predicting Hying ability. 

Miles (118), in 1922, in the Nutrition Laboratory 
of the Carnegie Institution of Washington, developed 
a device for automatic summation of movement in the 
two opposed axes of the hori/'.ontal plane, This facil¬ 
ity of jncasuronicnt added to the practical value of the 
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Eitaxiiigraph and stimulated still further use of this 
latest [Tiechanism, now known as the ataxiametcr. He 
gives a thorough discussion of its sigiu/icance for 
various purposes, together with a critical analysis of 
the data brought out during the earlier development 
as well as by subsequent experimentation extending up 
to the year 1922, 

Miles considers that the data examined recommend 
the station test as a sensitive measure of neuromuscular 
control in selecting men for work and in assessing their 
condition after work or when subjected to various 
modifying influences. He presents additional original 
data in support of the statement that sensations arising 
from changes of pressure on different parts of the soles 
of the feet and of strain within the feet are of great 
use in controlling equilibrium. Habituation to shoes 
makes it advisable to wear shoes for the test, though 
the practiced bare foot at a comfortable tenriperature 
is probably more sensitive, in addition to furnishing 
advantageously a larger base of support. The great¬ 
est stability is found when heels are about 20 centi¬ 
meters apart. Height and weight are both shown 
to cause increased sway, height having the greater 
effect, 

Miles's data support the earlier work of Flinsdale 
as to an influence by respiration, The indication is 
for easy normal breathing during the test. The in¬ 
fluence of distraction is stressed with the suggestion 
that attention be controlled by instructing subjects to 
count silently with a clock’s tick. 

Fearing (32-35), in 1924 and 1925, using the ataxia- 
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meter, made an extensive study of a large number of 
the factors influencing sway. His data are significant 
on many points and, among other things, suggest that 
control and direction of attention are the chief factors 
on the conscious side in the decrease of sway with 
practice. Following this lead, he made a study of 
practice, securing results which indicate that the ap¬ 
pearance of practice effects is accompanied by signifi¬ 
cant changes in the direction of attention. 

Fearing next studied the effect of controlled and 
uncontrolled attention upon sway, using for control the 
distraction of a Wundt sound hammer at discontinuous 
periods, counted and reported by the subjects. The 
results show significant decrease of sway in the dis¬ 
traction group whicli perhaps throws emphasis upon 
the involuntary factor in the processes concerned in 
maintenance of static equilibrium. 

Problems of perception of tilt, investigations of the 
function of the semicircular canals, and specific studies 
of bodily rotation admittedly have relationship to 
studies of equilibrium. Griffith (4.5) has reviewed 
the literature on vestibular equilibration and has pub¬ 
lished a complete bibliography to 1922. Fearing (35) 
has brought the evidence with supporting references 
up to 1930. 

It is desirable to present a brief summary of those 
facts Jiaviiig to do with the control of posture by the 
central nervous system. Langworthy (H3) gives a 
clearly stated critical review on this topic wiiich covers 
the liteialure up to 192H, Cobh (22) and Hines 
(5H-60) have matlc rcccat analyses of subjects closely 
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related. A complete bibliography is inchitled in each 
instance. 

The original work of Sherrington (K16) in the 
demonstration of the postural rcllcx of decerebrate 
rigidity and that of Liddell and Sherrington (84) on 
the myoUtic reflex furnish the basis for present knowl¬ 
edge of postural control. Other contributions have 
been added, perhaps most notably by Magnus (92-95) 
and by Magnus and de Kleijii (96, 97) witii reference 
to modifications in the midbrain preparatian. and also 
to labyrinthine influences. 

The walking reflex—which is obviously concerned 
in static equilibrium as well as in the present study 
of equilibrium—is considered as made up of two essen¬ 
tial forces, the one static and the other dynamic. Lang- 
worthy (83) states that "a tonic contracliun of the 
extensor musculature counteracts the force of gravity 
and supports the body from the ground while nUernate 
rhythmic movements of the extremities produce n 
change of position and arc responsible for locomotion. 
To quote Slierringtoa (137), "the execution of step¬ 
ping movements by the limbs does not of course in 
itself amount to walking. For this latter act the reflex 
stepping of the limbs has to be combined with reflex 
maintenance of the erect posture of the body." 

Sherrington has shown the rhythmic tendency to be 
a property of the isolated spinal cord and the postural 
reflex to result in the decerebrate prEparatiun, since, 
after cutting off inhibition inlluencea of the cerebrum, 
the anti-gravity reflex becomes accentuated. How¬ 
ever, although the spinal animal shows the rhythmic 
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Stepping reflex, yet a normal control of the activity 
through the brain also exists. It is the belief of Lang¬ 
worthy that “the evolution of motor centers in the 
forebniin aiul particularly in the cerebral cortex un¬ 
doubtedly plays an increasing part in the regulation 
of the rhythmic beat in higher animals." Evidence 
goes to sliow that the cerebral cortex as well as other 
not yet localized parts of forebrain and midbrain par¬ 
ticipate in normal control of the postural reflex. 

As to the source of stimulus maintaining the pos¬ 
tural reflex, Liddell and Sherrington (84) have traced 
these centrifugal influences on back to the proprio¬ 
ceptors of the same muscles which exhibit the tonic 
contraction. The unitary functional character of this 
proprioceptive reflex is shown in local modifleations 
of plasticity of a lughly sensitive and delicate kind, 
which the investigators clcsciibc as the myotatic reflex. 

It is not, of course, to he inferred that there are not 
afferent influences from other sources which also 
modify the postural reflex. Magnus (93-95) terms 
the sum of the decerebrate postural reflexes as the 
“standing reflex." Additional influences shown in 
the midbrain preparation he cails “position or right¬ 
ing reflexes," He classifles the midbrain reflexes into 
five groups according to their source and the muscles 
upon which they act: 

1. Optic (probably retinal riKhting reflexes) 

2. Labyrinthine righting reflexes 

3. flighting rcdexcs arising in the eJeej) tissues of the body 
wall anil acting on the head 

4. Hody righting reflexes arising in deep structures of the 
neck iiiul acting <in trunk and limb muscles 
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5. Body righting reflexes arising in deep muscles of the 
body wall and acting upon limb and trunk muscles 

Magnus also groups these influences as (1) labyrinth¬ 
ine; (2) proprioceptive; (3) exteroceptive (chiefly 
pressure), and (4) influences from tcleoceptors (eye, 
ear, nose). 

Evidence with regard to connecting path-Wfiys is 
admittedly lacking in clarity. Almost all parts of the 
central nervous system, it appears, participate in the 
function of tonic control. 

Magnus (95) gives an exceedingly clear summary 
of the practical method of functioning of the righting 
reflexes. His description here is particularly applica¬ 
ble to the character of activity on the balancing-board 
as used in the present study: 

"The whole righting apparatus with the only exception 
of the cortical centers for tlie optical righting reflexes is ar¬ 
ranged sub-cortically in the brain stem and in this way 
made Independent of direct voluntary influences. The at- 
titudinal as well as the righting reactions arc involuntary. 

If under the influence of cortical impulses the normal posi¬ 
tion of the body be disturbed, the brain stem nppar.atus is 
ready to restore it, so that every new cortical action finds 
the body in a normal starting position without previous 
voluntary effort. .... Every sensory impression before being 
transferred to the cortex cerebri, has already acquired a 
certain special condition (local sign) depending on the 
previous righting functions acting upon the wliole body or 
parts of it." 

In Spite of the emphasis given to kbyrinthine influ¬ 
ences by the work of Magnus and dc Kleijn, of 
Schaltenbrand (132, 133), and of Landau (B2), all of 
whom used "adequate" stimuli, posings of the head 
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in relation to the direction of the force of gravity, some 
opinion seems to minimize the effectiveness of laby¬ 
rinthine stimulation in the human being. Experiences 
of aviators flying in a cloud and so lacking assistance 
of optic righting reflexes arc commonly quoted. 
Evans (30) on this point makes the statement: "The 
higher an animal is in the scale, the less important and 
the more readily dispensed with are its labyrinth pos¬ 
tural reflexes." 

.The preceding discussion of studies concerning 
equilibration shows it to involve a highly integrated 
and sensitive activity. Efficient functioning of such 
an activity may well be associated with optimum 
chemical balance of the cellular structure of muscle 
tissues, For lliis reason, a test which depends upon the 
child's ability to maintain equilibrium appears po¬ 
tentially of value in an investigation of relationships 
between motor cfliciency and nutrition. Miles has ex¬ 
pressed belief in the reliability of a test of static equi¬ 
librium as a measure of neuromuscular condition 
related to nutritional changes. Whether or not the 
"fatigue posture" clinically accepted as a classical 
accompaniment of malnourishmcnt in children may 
constitute some functional evidence of chemical im¬ 
balance and whether or not this general atony may 
bear a relationship to the efficiency of the postural and 
the myotatic reflexes are now only matters of conjec¬ 
ture. Hiiflicicntly delicate methods of measuring the 
contributing factors have not been devised. Neither 
have methods of approach been planned to throw vari¬ 
ous factors successively into clear relief. How to ap- 
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proximate a "zero coadition" in human experimenta¬ 
tion of this character remains perhaps the most difficult 
problem of all. However, in ioio, and also particularly 
perhaps in the use of studies of equilibrium, an appar¬ 
ently fruitful field of investigation is presented. 

The devising of tests of equilibration suitable for use 
with children offers practical difficulties. Obviously, 
the ataxiameter is unadapted for such purposes both 
because of lack of intrinsic motivation and because of 
the strain involved in inhibition. A test of a more 
dynamic character emphasizing the statokinetic re¬ 
flexes In reactions to partial body movements seems 
more nearly indicated for children. Johnson (76) has 
devised a walking-board which tests ability in progres¬ 
sive movement. This is highly interesting to children 
and utilizes a natural activity of a kind related to the 
field here to be investigated. This board was first used 
in a series of tests previous to 1921. In the work re¬ 
ported by Hunt, Johnson, and Lincoln (73), a de¬ 
tailed description with method of scoring is given. 
Succeeding experimentation has resulted in distinct 
modifications which are described by Courtney and 
Johnson (23) in 1930. The data presented indicate 
that the walking-board is a promising'measure of indi¬ 
vidual differences in body movements. It also affords 
opportunity for study of emotional responses. Bald¬ 
win (5) used a modification of the Johnson walking- 
board. He concludes that such a test is probably 
highly correlated with maturity and general motor 
development. 

For the present purpose a highly motivated stato- 
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kinetic activity is seemingly desirable. It should in¬ 
volve some difficulty in coordination but only up to 
such a point as not to disturb motivation. The prin¬ 
ciple of the seesaw is time honored in its qualities of 
intrinsic intrigue for young children. On this basis, 
therefore, the balancing-board is developed and used 
in the present study. 

From the previous analysis it is assumed that the 
following factors are among those contributing to skill 
of performance on the balancing-board: (1) age; (2) 
sex; (3) height and weight; (4) position and distance 
of feet; (.?) footwear; (6) respiration and heartbeat; 
(7) motivation; (8) intelligence; (9) socio-economic 
status of family; (10) control of attention; (11) eye 
fixation; (12) vestibular stimulation (probably at a 
minimum): (13) visual spatial perception including 
influences of eye muscles; (14) proprioceptive reflexes 
initiated in muscles, tendons, and joints; (IS) physio¬ 
logical condition; and (16) chemical balance of mus¬ 
cle cells, 
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THE EXPERIMENTAL GROUP 

Five boys and five gifls are used as reactors. Eight 
children have been in the nursery school more than one 
year. All are accustomed to laboratory equipment and 
to varied laboratory tests. The members of this group, 
designated by the alphabetical letters A to J, were all 
born in 1925. At the beginning of the learning series 
the oldest was 2 weeks past 5 years. The youngest 
was 4 years and 3 months old. All are of native-born 
parentage except for one mother. The group shows an 
average intelligence quotient (Stanford-Binet) of 114. 
The highest intelligence quotient represented is 145; 
one is included below 105. 

Individual weights range close around the normal 
average (Woodbury tables). Six are above the deter¬ 
mined average. One exactly equals it. Three are 
below the norm of the tables, but show only small 
percentage deficiencies, the lowest 6.6 per cent. No 
special nutritional problems are evident. The chil¬ 
dren are without exception reported as enjoying food. 

The socio-economic group represented approximates 
the highest level. 

A scattered selection of older reactors is also used. 
A man, Reactor X, 23 years old, and a woman, Reactor 
Y, of 20 years, both of excellent muscular build and 
unusual skill in the various sports, are subjects for the 
adult comparisons, A girl. Reactor O, 11 years and 

[142] 
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10 months old; a boy, Reactor N, 8 years old; and a 
boy, Reactor M, of 6 years and 2 months, all as com¬ 
puted at the be[riiining of the test, are used to secure 
some indication as to age di/Tercnces in ability in 
balancing. 
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DESCRIPTION OF APPARATUS AND 
METHOD 

A. Apparatus 

The test of equilibrium consists of Ji board {BB), 18 
inches square, which balances freely over a fixed steel 
rod (^), 3/4 inch in diameter, as an axis. This 
board, 3/4 inch in thickness, is held on the rod at each 
end by a steel T-pipe, the ilipplc of the T-pipe fitting 
into a flange on the board. Lateral movement of the 
T-pipes on the rod is prevented by a collar fitted on 
the rod at the inner end of each T. The steel rod is 



FIGUHE I 

Wiring Diagram anp Paopim or Apparatus vqr Testing 

Dquilidiuum 

[ 144 ] 
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supported and held fixed by two table clamps set 20 
inches apart on a firm wootlen base (W). 

A wooden brace, 2 inches wide and 2 inches thick, 
is fastened across the middle of the under surface of 
the balancing-board crosswise to the axis. On 

the wooden base immediately below each end of this 
brace and parallel to it is fastened a 6-inch length of 
wood (C), 4 inches wide and 4 inches thick, which con¬ 
stitutes a stop to the excursion of the balancing-board, 
Each of these lower wooden stops is surmounted by a 
large rubber heel plate set on its extreme outer top 
surface. The rubber thus placed at the contact point 
between the descending balancing-board (BB) and 
the wooden stop (C) below serves to lessen vibration 
effect upon the recording apparatus and also reduces 
the force of the impact to the reactor. The maximum 
excursion of the balancing-board at its extreme outer 
edge—that is, the distance from the end of the wooden 
brace to the stop when that side of the board is tilted 
up to its greatest height—is approximately 4 1/4 
inches. The total angle subtended is 28 degrees, half 
of which is below and half above the point of equi¬ 
librium of the balancing-board. 

A small steel tubing, 17 1/2 inches long and S/8 inch 
in diameter, is secured firmly to the middle of one end 
of the balancing-board, parallel to the axis. To the 
outer end of this tube is fixed at right angles an upright 
piece of the same, 12 indies long, thus forming a crank 
operated by the movement of the balancing-board. The 
longitudinal half ol the perpendicular part is cut away 
for 5 inches from its upper end, and a small hole is 
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dnlled through this upright piece 8 inches above the 
right-angle joint. 

Through the aperture in the metal crank extends a 
light steel rod (i?), free to slide back and forth, and 
carrying at its outer end a metal guide in which rides 
the point of a stylographic pen (I\) over a recording 
kymographic drum (D) using a continuous paper rec¬ 
ord. The upper end of the pen rests in a suitable 
support {S). The metal rod (22), at a point 3 1/2 
inches from the pen (P-) and 15 3/4- inches from the 
crank (0) when the board is at equilibrium, is sup¬ 
ported on point bearings which act as a fulcrum be¬ 
tween crank and pen. The delicate adjustment makes 
it possible for the slightest movement of the balancing- 
board to produce a prompt response from the 

recording pen (Pa). When the board is down, i.e., 
contacting the rubber shock absorber, on the left side, 
the pen makes its greatest excursion to the right, and 
vice versa. When the balancing-board is held level, 
the pen rides straight in the center of the distance be¬ 
tween the limits of its possible excursion to either side. 

The kymograph is driven by a motor {M) operat- 
ingon a 110-voJt, alternatingcurrcnf, a rheostat (FRs) 
being used to regulate the speed. A Flarvard clock 
{TM], supplied by four dry cells, governs the inter¬ 
val of a S-second time line produced by an electro¬ 
magnetic pen (Pi) which has current source in a 6-volt 
storage battery (-Sa)- The electrical connections of 
the entire piece of apparatus are shown in the accom¬ 
panying diagram, Figure 1. 

A screen, 52 inches highi is mounted between the re- 
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cording apparatus and the balancing-board to shut 
off the mechanism of the kymograph from the reactor's 
field of vision. 

For that part of the experimental series which is 
planned to include some control of visual aids, a visual 
indicator is added to the described apparatus. A 
wooden extension, consisting of an arrow 27 1/2 inches 
long with a pointed metal tip, is aflixed to the crank, 
Being thus attached, the arrow in its described arc 
makes a change corresponding to every movement of 
the balanciiig-boaril. The tip of the arrow, which is 
37 1/2 inches above the level of the balancing-board 
and 16 3/4 inclics from its nearest edge, is placed at a 
height and distance convenient for fixation by children 
of the age group used. It subtends an angle of 28 de¬ 
grees. The point of the arrow moves across a white 
cardboard background on which are drawn in bold 
black lines two concentric curves, 7 inches apart, cor¬ 
responding to the arc described by the arrow. Across 
the center of the band thus formed, and bisecting tlie 
arc, is painted a perpendicular line surmounted above 
the hand hy an arrow head. Perpendicular line and 
culminating arrow head are of a bright red color. The 
metal arrow point of the wooden extension from the 
crank coincides with the red line on the background 
when the balancing-hoard is held at equilibrium, thus 
forming a visual indicator of perfect balance and also 
of its approximation. 'Fhc outer quadrants of the arc 
are painted black, leaving the middle half white except 
as hisecied hy the perpendicular red line indicating 
cquilihriuin. 
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In that part of the series which directed the atten¬ 
tion of the child to an equalization of the distance of his 
two feet from the center line of the balancing-hoardj 
a half-inch strip of white celluloid was fastened the 
length of the board over the axis, 

B . Procedure 

The method of procedure in a practice period on 
the equilibrium board is based on findings from two 
reactors outside the experimental group who were used 
to test out the apparatus. The aim is to give a period 
of sufficient length to have definite practice vaftie but 
not so long as to be unduly fatiguing or borcsome to 
young children. The breaking of a single activity 
period by short rest intervals seems to give the most 
satisfactory results in performance and also to prevent 
the undesirable reactions. A practice period is there¬ 
fore used which consists of six work periods of 
seconds each, separated by rest intervals of 4-5 seconds 
each. Hereafter, the phrase “work period" is used 
to indicate the 30 seconds of uninterrupted activity; 
'‘rest interval,” the 4S-second intermission between 
work periods; and "practice period,” the total of the 
six work periods and five rest intervals. 

The child is invited by the experimenter to play a 
seesaw game. He is brought into the experimental 
room and shown the balancing-board. The experi¬ 
menter, while standing on the board, demonstrates how 
it inclines from one side to the other over the longi¬ 
tudinal axis. The reactor is shown, however, that with 
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clTort the board can be held approximately level for a 
short time. The majority of children five years old are 
eager, after a very brief demonstration, to try to hold 
the board level, Though the child of five years prob¬ 
ably has an interest in simply tilting from side to side 
on such a balancing-device, yet the reactors in this 
group appear readily to understand the purpose of the 
activity as directed toward holding the board at equi¬ 
librium and to strive with varying but, on the whole, 
considerable earnestness and zest toward this end. 

The position of tlie child on the board is uniform 
with reference to tire direction in which he faces and 
approximately so with reference to his relation to the 
axis. He faces the intercepting curtain and the record¬ 
ing apparatus near which the experimenter stands. 
Tins position, facing these elements, enables the reactor 
to direct his glance at will toward the mechanical parts 
or the experimenter without turning the head and, 
consequently, with the minimum disturbance of bodily 
equilibrium. One foot is set on each side of, and ap¬ 
proximately parallel to, the axis. In the earlier series, 
the reactor is allowed to explore freely with his feet, to 
choose a wider or a narrower stance, and also, if he 
wishes, to place one foot at a greater distance than the 
other from the axis line. The only requirement made 
at the beginning is that the feet be so placed that the 
reactor faces the kymograph. It is believed that in 
this parlicular skill such a free method may facilitate 
learning and llinl gradually there will emerge in the 
case of each individual a more or less constant and 
characteristic response pattern. In a later series the 
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axis line is emphasized by a white stripe, and the child 
is at each work period instructed to place his feet the 
same distance from the white line. If necessary, he 
is given assistance. 

When the child is in position on the balancing-board, 
the following instructions are given: 

"Now hold the hoard level- Try hnnl to hold it level. 

Don't let it tip this way. [Experimenter liolds board 
slanting in one direction.] And don’t let it tip this way. 
[Experimenter holds board slanting in die other direction.] 

Hold it level nice this. [Experimenter holds hoard in posi¬ 
tion of cciuiUbrium with child on it.] Begin when 1 say 'Go I' 

Keep trying, Don’t stop till I say *Stopl"' 

A warning signal "Ready” is used. Approximately 
2 seconds later the switch starting the recording kymo¬ 
graph is thrown, the signal “Gol” is given, and the 
stop-watch is started. At the end of the 30‘Sccond 
work period, during which the reactor is in continuous 
activity attempting to hold the board in cquilibriiiJiij 
the signal "Stopl” is pronounced. The reactor steps 
off the board, stands at ease, walks about, or, as in the 
case of these children, plays with marbles or blocks, 
or busies himself quietly at whatever in the room may 
engage his attention. The 4S-second rest interval is 
succeeded by another 30-second work period, and so 
on, alternating work period and rest interval until the 
six work periods which make up a total practice period 
have been, completed. This aggregates 3 minutes of 
work for an entire practice period, requiring a mini¬ 
mum of 6 3/4 minutes. 

Every effort is made to insure the child's understand¬ 
ing of the directions in the belief that the maximum 
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control niid uniformity with regard to comprehension 
of terminology and of directions arc necessary in order 
to place in clear relief the factor of skill in equilibrium, 
which is tlic point of the test. These directions are 
greatly abbreviated with each successive trial, as the 
reactors show furtltcr repetition to be superfluous. 
After a few trials, only the warning, the starting and 
the stop signals arc usually necessary, except when 
some variation in the series is introduced, 

Figure 2 shows a reproduction of a record of a single 
work period. The record uses a strip of paper 3 1/2 



A KvMniiiiAi'iiii: Uiaioiui Tiuciai in tiii-: 'I'l'.si' or Kuuii.ihiuum 
Record (if pirftinnaiii'e for ,10 M’ctiinls, (mh; M'urk lUTiiid of the six 
work [leilods cnin|iii!«in^ diir iriiil, is shin\-n. 
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inches wide and approximately I yard long, variability 
in length being due to the warming-up of the motor. 
Identification data of name, date, lime o[ day, and 
direction in which the reactor is facing arc recorded. 
The six successive short work periods arc indicated 
by number and for convenience arc incliidcd on a single 
strip of pstper. Other characteristic data regarding 
foot position, bodily posture, types of activity, facial 
contortions, and other extraneous movements, as well 
as introspections or significant remarks, are recorded 
as informal notes along the record strip. 

G. Method op Scorn no 

The record strip used in the equilibrium test shows 
the variable crosswise excursions of the stylogrnphic 
pen back and forth between its fixed limits. For scor¬ 
ing, two parallel lines are first drawn, one marking 
the left and the other the right outer limit of the re¬ 
corded excursion. The distance behveen these outer 
limits is then bisected by i line which divides the rec¬ 
ord longitudinally into two equal, contiguous rec¬ 
tangles. A planimeter is used to measure the area of 
the plane surface as outlined by the recording pen on 
either side of the bisecting midline of equilibrium. Of 
necessity each side is rneasured separately. A record 
of ideally perfect equilibrium can show only a straight 
line exactly following the path of the bisecting mid¬ 
line, the inner boundary of the two contiguous rec¬ 
tangles, Such a record obviously c.an give no area 
on either side of the midline and may be stated as 
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representing a zero percentage of that area possible 
to be transversed on either side. On the other hand, 
the poorest rccortl possible of execution can show only 
a line following the three outer boundaries of either 
contiguoui rectangle. This completed area as meas¬ 
ured by the planimeter must exactly equal the area 
of the constructed rectangle on cither side, or it may 
be phrased that the traversed area of the poorest record 
equals 100 per cent of the possible area. Thus, the 
record of performance can be translated into a per¬ 
centage score, increased proficiency in balancing be¬ 
ing indicated by an increasingly smaller percentage. 
This percentage, for the left rectangle, for example, 
represents the ratio of the area actually recorded on 
that side by the pen to the maximum area possible to 
be recorded there. The percentage for either side of 
the record is a numerical score indicative of the rela¬ 
tive time spent by the reactor in balancing on the oppo¬ 
site side of the axis and signifying the proficiency of 
performance during that time. The percentage repre¬ 
senting the achievement on each side of the axis for 
the best 25 seconds of every .30-sccoiid work period is 
tabulated, as is also the average percentage represent¬ 
ing the total performance of the reactor for that time, 
These three items, left, right, and average percentage, 
are totaled for eacli of the six work intervals and again 
averaged to make a 3-itcin score for a complete practice 
period. This score tluis shows average performance 
on the left aiifl on the right side of the axis and also 
total average achievement. 
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D, PROtSRAM OF EXPEWIMENTAL SeUIES AND THEO¬ 
RETICAL Implications of the Vauiations 

The test of equilibrium is concerned with iin ex¬ 
ceedingly fine type of motor coordination which brings 
into play a delicate adjustment of practically every 
body part. For this reason a long period of training 
is necessary, and a somewhat prolonged learning series 
is planned. This includes the following variations: 

1. An initial practice series in simply holding the 
board in equilibrium. 

2. A short series in which attention is directed to 
the most advantageous placing of the feet. One ob¬ 
servation of expert balancing is given here. 

3. Training in the use of visual cues by the addi¬ 
tion of a visual indicator. 

4. A short control series duplicating the procedure 
of the first series. 

5. An additional short blindfold scries and a con¬ 
trol for a very small group. 

6. A short retention series after a 3-month interval 
for a few selected individuals. 

The introductory practice series comprises 20 prac¬ 
tice periods in which the reactor’s attention is directed 
simply toward balancing on the board while facing in 
the prescribed direction, A minimum of direction or 
suggestion as to any contributing feature is given in 
order that the reactor may explore freely and develop 
his own most satisfactory pattern of response. 

The second series of 5 practice periods attempts 
some training with reference to the important factor of 
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foot position. A white stripe is placed longitudinally, 
coinciding with the mid-axis line. The reactor is care¬ 
fully and repeatedly instructed, and assisted when 
necessary, to place his feet at an equal distance on each 
side of this white line. Just previous to the second 
period of this series the children are allowed to observe 
for 30 seconds the expert performance of a man who 
is unusually proheient on the balancing-board. 

The third scries, consisting of 10 practice periods, 
adds to tlie training in foot position an attempt at some 
control of, and training in, the use of visual aids. The 
mid-axis stripe and the instruction as to foot position 
are continued. The upright arrow oscillating across 
the 28-degi'ee arc, as previously described, is used as a 
means of directing attention to visual cues and forms 
a visual indicator. The belief is that such a visual 
indicator may serve several purposes. First, it pro¬ 
vides a prominent set of visual cues at approximately 
the level of the eyes. Visual cues most used formerly 
arc apparently those centering around the crank over 
the axis rod at a point near the board. Observation of 
these necessitates some bending of head and trunk, 
which is obviously disturbing to equilibrium. This 
bending of the body is eliminated by the use of the 
perpendicular arrow. The second point is tied up 
with some assumed difTercnces in the stimulus pattern 
of the child and of the adult. Adults apparently give 
much more attention to visual cues than do children of 
live years. Can tlie child of this age be given such 
specific training In the use of visual cues as to cause 
him to show any marked improvement in balancing- 
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performance? The third purpose centers around 
attention. It is believed that the added interest in 
the significance of the arrow when held in its perpen¬ 
dicular position against the segmented arc may serve 
to focus attention and to increase integration, thus pro¬ 
ducing a better performance. The attempt is thus 
made to reinforce the child's kinacsthetic perception 
pattern by an observed and meaningful objective indi¬ 
cation of his achievement. 

The control series, consisting of 5 practice periods, 
gives a basis of comparison both with initial achieve¬ 
ment unaffected by special variations of method and 
with the data of the variant scries. 

The short blindfold series of 3 practice periods is 
used with three highly cooperative 5-year-oId children 
who especially enjoyed this part of the program. With 
the two adults 10 blindfold trials were allowed. There 
appears to be some significance in a series cutting off 
all visual cues just following a time when special em¬ 
phasis has been laid upon them. Also, it is desirable 
to secure some information as to the relative depend¬ 
ence of the child and of the adult upon visual aids as 
compared with kinacsthetic and muscle and joint sen¬ 
sations. The series is followed by one control practice 
period identical in procedure with the initial series 
and with the other longer control series. 

A retention series including S practice periods, 
which duplicates in method the original practice series, 
is given to three reactors; A, from the 5'ycar-old group; 
X, an adult; and L, 12 years old, This series is con¬ 
ducted approximately three months subsequent to the 
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completion of all the other series, during which time 
there has been no practice whatever on this test or on 
anything approximating it. 

The program of the series as arranged for the adults 
and for the intermediate age levels is abbreviated in 
such a way ns to furnish comparable data on certain 
desired points only. All age levels began with the 
same initial practice series in simply holding the board 
level with the accompaniment of the minimum of in¬ 
struction or suggestion. This uniformity in the first 
series gives opportunity for comparison of initial 
ability, initial speed of learning, and early postural 
patterns. The adults are given 24 instead of 20 prac¬ 
tice periods in this series since they seem still to be 
making improvement. The use of the white mid-axis 
line, the one observation of a proficient performer, and 
the arrow indicator are used only for the S-year-old 
group, since such training and instruction seem super¬ 
fluous for the other reactors. The older subjects are 
fully conscious of the contributory factors dealt with 
in the variant scries and are voluntarily striving in 
each practice period to find the most advantageous 
use of tJicse various aids. Both the 5-year-old children 
and the adults, however, are given the blindfold series 
in an attempt to bring out any differences in the stimu¬ 
lus patterns utilized by children and by adults. Also, 
the same series is given to members of three age groups 
in order to test retention of skill in a broader age range 
and with a higher degree of reliability. The series 
for the intermediate ages arc shorter and are included 
as a means for some further comparison of initial 
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ability and of initial speed of learning on an age basis. 

The distribution of the practice periods as to time 
sequence is uniform. A MQiiday» Wednesday, Friday 
schedule is followed throughout except as absence or 
other unavoidable occurrence lengthens llic Interval, 
or as, toward the end of the program, it is found neces¬ 
sary in a few instances to shorten the intervening time. 

E. Motivation of Perfoicmanci; 

The balancing-board, as used in the test of equi¬ 
librium here discussed, provides a very difficult form 
of activity. Highly integrated and earnest effort on 
it produces some fatigue. Also, boredom may easily 
be added to the difficulties of the less skilful performer. 
The children come to the first practice periods with 
much zest and many expressions of joy. However, 
it involves hard work, and in the course of a somewhat 
prolonged learning experiiticnt there is danger that 
this element may gradually make the test more and 
more disagreeable to the child. For this reason 
strong positive suggestion is used in every way possible; 
it is a “good balancing game*’; “we had lots of fun 
balancing yesterday”; “you have only two more 
chances”; these and similar statements arc used 
throughout, with variations, as propaganda for per¬ 
petuating a strong interest on the part of the child. 

However, the test possesses an intrinsic motivation of 
an unusually fine type which furnishes the real spur 
to continued and earnest effort. The child’s pleasure 
in a momentary success in holding the board at equi¬ 
librium is easily observable, and every success, even 
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though small, is given approval by the experimenter. 
Improvement, too, from day to day can usually be 
recognized by the reactor. The sense of achievement 
resulting from these two factors of momentary success 
and steady improvement: appears to furnish a strong 
and abiding motivation, sufficient with very few aids 
to carry the reactor through a long learning scries with 
a steady and dependable enthusiasm. 

Blocks are used as the chief form of extrinsic re> 
ward. The child, after making a “good” record, is 
allowed to choose a block from a varied assortment 
and to carry it back with him to deposit in a special 
box in the nursery school. The fact that the child 
cannot himself definitely observe and rate his achieve¬ 
ment as in the aiming test is a disadvantage. How¬ 
ever, this dilliculty is partly obviated by the child^s 
recognition of and pleasure in a momentary successful 
balancing. Also, after such successes in holding the 
board in ctjuilibrium, the reactors are frequently shown 
the “good marks" which they have made on the record, 

Just following the long initial series, at a time when 
enthusiasm might be expected to flag, the children 
are permitted singly to observe the expert balancing 
performance of a highly proficient man. The belief 
is that such an observation aids motivation in that some 
attribute analogous to prestige is associated with the 
playing of the game by the fact that a grown man, 
whom they all like very much, enjoys the game and 
is skilful in it, 

Ttjward die end of the entire experiment, in a special 
endeavor to secure the best possible achievement of 
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which the child is capable, a bailooji \s used for addi¬ 
tional motivation, After every "good" work period 
in a practice period, Che child is permitted to play with 
the balloon instead of with the blocks or marbles 
regularly used in the relaxation interval, 

1^0 special form of motivation is used with the adults 
or with any children except the 5-year-old group. A 
slight element of competition is present, but the chief 
incentive to the excellent and sustained effort put forth 
is the pride and pleasure in achievement. The test 
involves a physical performance which to ch'i]6rcn 
above six years—and to many adults—seems to be fas¬ 
cinating. The oldest reactor designates it "good 
sport," 



IV 

RESULTS 

A summary of the total achievement and of the 
individual tIilTcrences in the scores of eight children 
and two adults in the equilibration test is shown in 
the graphs, Figure 3 (a and b). On the basis of so 
small a number of reactors the results cannot be as¬ 
sumed in any way to be conclusive. However, a learn¬ 
ing scries of considerable length has been carried 
through by each reactor. In the course of the program 
and particularly with reference to the variations intro¬ 
duced, certain tendencies appear which seem signifi¬ 
cant and which may have tentative value with reference 
to the planning of programs and techniques for further 
research. 

The graphs evidence a slow learning process with a 
seeming absence of the usual rapid initial gain. Indi¬ 
vidual differences arc shown, and also certain general 
tendencies—in so far as may be inferred from the data 
at hand—appear to be present. 

A . Age Diffeiiences 

The graph mentioned above portrays age differences 
as shown throughout the experimental program. 

Those differences which are related to variations in 
the series are discussed in connection with the analysis 
of the specific variation with which they are associated. 
Table 3 shows what may be termed ^'initial" age dif¬ 
ferentiation. The scores on trial 5 rather than on trial 
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1 are used as being probably more truly representative 
of the child's ability in equilibrium. The young' child 
obviously experiences greater difficulty than the adult 
in comprehending just what is expected of him in a test 
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situation. He is also more subject to slight fears and 
to inhibitions caused by unfainiliarity. In the early 
records such influences may tend to mask, the ability 
in equilibrium. The fifth record is used as represent¬ 
ing a more nearly comparable measure of "initial" 
skill in body balance. 

The average of the six 30-sccond work periods which 
make up one trial show an unmistakable increase in 
equilibrium from the mean age of 4 years and 8 months 
to the age of 23 years. Total increase between the 
average of the records of the 10 young children and the 
record of the 23-year-old man is 13.9 per cent, This 
figure means that, as measured by the present test, that 
proportion, 13.9 per cent, of the advance from total 
lack of equilibrium to ideally perfect equilibrium is 
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made between the mean age of 4 years 8 months and 
23 years. 

However, the difference between the adult and the 
best child, a girl 4 years and S months old, is only 8.9 
per cent. A similar comparison with the poorest child, 
a boy 4 years and 10 months old, shows a difference of 
17.9 per cent. Tlic group of children thus is seen to 
cover within itself a range of 9 per cent in difference in 
efliciency as regards equilibrium. 

The mere fact of increase in body balance with age 
up to young adult life is obvious. However, an ex¬ 
amination of the percentage increase on each of the 
levels tested shows a strikingly large proportion of the 
gain to occur between the ages of 6 and B years. This 
may be due to a chance distortion, inherent in the selec¬ 
tion of the few cases examined. Reactor N, the fl-year- 
old, has no history of special training or ability of this 
character. He comes from a home of much lower 
socio-economic level than the S-ycar-old group. His 
motivation was excellent. He enjoyed each trial keenly 
and apparently considered it a special privilege to join 
in an experiment, He left his play with the other boys 
on the street quite readily when his turn came ‘‘to 
balance." However, N’s motivation did not appear to 
be stronger than that of M, younger, or of O, the 12- 
ye.ar-oJd girl, An attitude of keen enjoyment was 
characteristic of all three. 

Trial 5 happens to light on one of reactor N's better 
records, though it is not extraordinarily so. His trial-lO 
record averages ,302 with a 30-second period in it bet¬ 
ter than the best in this trial-S record. The trial-11 
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record averages the same as the trial-5. Total per¬ 
centage of gain between his first and fifth trials is large, 
.124 as, however, against a gain of ,122 by reactor O 
in the same time. 

It may be contended that the best single 30-second 
work period of the six composing any one trial is a 
better criterion of the reactor’s absolute ability. In 
general, averages appear to offer the safer and more 
nearly accurate basis of comparison. However, in 
this instance, where a single trial is designated as n 
means for showing age differentiation, the record of the 
best single work period may possess advantages. Per¬ 
haps the best short period is significant of the funda¬ 
mental ability of the organism as least affected by 
extraneous influences. 

Data of the best single 30-second work period of trial 
5 for each reactor are included in the table. The 
successive percentage gains from one age level to a 
higher again show the definite progression in ability 
from the five-year to the adult stage. On this basis the 
total gain from mean age 4:8 years to 23 years is 13.4 
per cent. Difference between the best child, a boy 5 
years old, and the adult is decreased to 4.7 per cent. 
The extraordinarily good 30-second record, which 
makes this very low difference, comes from Reactor A, 
a 5-year-old boy. It represents an anomaly of the kind 
to lead to distrust of comparisons based on “single 
best" records rather than the more dependable aver¬ 
ages. Evidently, for one short period in his fifth trial, 
an unusually fortuitous aggregation of favorable cir¬ 
cumstances combined to produce a .250 score which 
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is not again equalled until his thirtieth trial. A single 
best score equalling or exceeding this is found only 3 
times in the 47 trials of this reactor, who, in the general 
comparisons, ranks in the lower half of the group of 
children, 

Difference between record of the poorest child and 
of the adult is 21.4 per cent by the ‘‘best single” method 
of scoring. 

A similar unusually large gain between the years of 
6 and 8 is shown also by these records although the 
amount is slightly reduced here. However, 8.3 per 
cent as a two-year gain remains as a clearly large pro¬ 
portion of the total increment of 13.4 per cent in ap¬ 
proximately 18 years. 

This second method of comparison also brings out 
a greater increase, 4.4 per cent, between the 12-year 
and the adult level. This indication may or may not 
be in accord with the fact. 

Other age di/fercnccs also appear. Table 4 shows 
the mean fr)r 24 trials each of 8 children and 2 adults. 
The man's mean score shows 11.9 per cent greater effi¬ 
ciency in this test than the mean of the 5-ycar-old chil¬ 
dren. The woman's mean score is 6,9 per cent better 
than that of the children. In percentage of absolute 
gain in power of equilibrium during the 24 trials, by 
Table 4 the children show a mean gain of 4.2 per cent 
as against 6.7-pci--cent gain by the man and 4.2-per¬ 
cent gain by the woman. It is to be noted, however, 
that individual children made a gain of 6.3 per cent 
and 5.3 per cent. 

In summarizing, it may be stated that the data at 
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blind iiidicEite a slow, somewhat irregular increase of 
skill in equilibrium with age. The curve seems to 
show a much more rapid rise between the ages of 6 and 
8 years. Furthermore, adults probably make a some¬ 
what greater percentage gain in the course of 24 trials 
than children of mean age 4 years and 8 months. 

B, B]iXDl FFEUl^NCES 

Table 4 is arranged to present sex differences in 
body balance as shown by the means of 24 comparable 
trials on the balancing-board by 4 girls and 4 boys of 
mean age 4 years and 8 months. Girls average .3835 
and boys .3827, thus showing almost exact equality in 
mean efliciency on the 24 trials. Girls show the best 
and the poorest scores by these averages, though in each 
instance this is a matter of only about 1 per cent differ¬ 
ence from the best and the poorest hoy’s scores. 

Girls gained an average of .4 per cent more than 
boys tbroug\K)ut this series oi 24 trials, a difference 
which is obviously insignificant. 

There is no reason to suspect that this particular 
sampling contains girls of especially greater ability 
or boys of less ability. The two groups are considered 
to be quite evenly matched and to show a rather ex¬ 
ceptional physical and mental status. Mean age of girls 
is 4:7, of boys, 4:9, showing a slight difference in favor 
of boys. Mean IQ of boys shows a superiority of 5 
points over the girls. Such a difference, however, is 
probably to be considered negligible in so small a 
number of cases. 

Comparison made on the basis of the average at- 
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tained in the highest trial score of the 24 gives the 
girls an average o£ .340 as against .349 for the boys, a 
superiority of less than 1 per cent for the boys. 

Data at hand from the present experiment using the 
balancing-board clearly indicate no material dilTcrence 
in the efEciency of performance by the two sexes at 
the mean age of 4 years and 0 months. Tlic evidence 
here is in disagreement with reports from tests of static 
equilibrium as given by Hancock (46) to children S 
to 7 years old and by Hinsdale (61) to boys and girls 
of 7 to 13 years. Both of these investigators have 
found a greater steadiness in girls, stated by Flinsdale 
to amount to about a 10-per-cent difference. Present 
results do accord, however, with Miles's (118) data of 
ataxiameter records which go to show that average 
results for adults of both sexes agree closely, as that 
investigator states, “the disadvantage of the greater 
height of men being counterbalanced by their larger 
standing base.” 

Tests of two adults, however, on the balancing-board 
show superiority of performance in the male practi¬ 
cally throughout, though various influencing factors as 
well as the comparison of only the two cases make this 
difference of probably negligible significance. Records 
of the man exceed those of the woman by 5 per cent, 
on the average, for 24 trials, by 2.2 per cent in absolute 
gain in the same series, by 2.7 per cent on initial rat¬ 
ing, and by 4.9 per cent on final rating. 

The woman’s footwear may influence her perform¬ 
ance sufficiently to produce the di/fercnccs reported in 
this comparison. Miles (H8) believes the accus- 
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tomed footwear ^Ives more nearly consistent results 
in ataxiumeter tests. No attempt was made to control 
this factor. However, in the course of an extended 
learning series a woman may wear a half dozen dif¬ 
ferent pairs of shoes of varying last and with consid¬ 
erable range in heel height. In the same time a man 
often wears only one or two pairs of shoes, and those 
similar in last and heel. Reactor Y reported a necessity 
for slight changes of body adaptation to the test occa¬ 
sioned by a change of shoes. Change in the support of 
the arch was more noticeable to her than change in heel 
height itself. The l2-year-old girl, O, wore flat heels 
or tennis shoes except in the final retention series, where 
she registered a loss. Reactors Y and 0 showed a 
similar posture in balancing, in both cases character¬ 
ized by a decided tilting-forward from the hips not 
observable in the young children or in the man. 
Whether or not in this diflicult test such a postural 
variation constitutes a compensation associated with 
fundamental difTcrcnces in the proportions of the adult 
female skeleton or whether it develops with the wear¬ 
ing of high heels, and, further, whether or not a com¬ 
pensation thus necessitated lowers efficiency of body 
balance is a matter of conjecture. For a reliable study 
of adult sex dirfeieiiccs in body equilibrium as unin¬ 
fluenced by extraneous factors, it is perhaps necessary 
to use women who have always worn lasts and heels 
of the golf-shoe type. Such a group, having never 
expcricnccd the anterior-posterior shift in the center 
of gravity occasioned by the wearing of high heels, is 
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perhaps more truly representative of the female’s 
ability in equilibrium. 

To summarize, the data from a prolonged learning 
series on the balancing-board show no sex differences 
in young children. Adult differences favoring the 
male may be of negligible significance if extraneous 
influences are equalized, 

G, Sidedness 

In the present study of equilibrium, comparison of 
records for the right and the left side of the body in¬ 
volve several questions which render it diflicuJt to 
separate and to designate the factors operative: 

1. Does the reactor consistently prefer one side of 
the body, and, if so, tend to work more with that side? 
Does a tendency to work more with a preferred side 
throw the body weight more often to that side of the 
axis and thus increase the score on the preferred side?^ 

2. Is the preferred side more eflicient than the 
other? If so, does this superior ability tend to decrease 
the score of the preferred side and so to counteract 
any effect of increase mentioned in question 1? 

3. Is there a tendency for one side to carry the 
weight and for the other to act as a "feeler” working 
for the fine adjustment? Or does the weight-carrying 
side receive the greater momentary amount of stimu¬ 
lation and so act the more efficiently in delicate dis¬ 
crimination also? If the right is the preferred side, 

is to be recalled that by the method of recording used, tlie 
smaller score indicates the better performance. 
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does it cEirry the weight or does it act for fine adjust¬ 
ment—or both? 

4, Apparently the individual builds up a pattern 
of preferred responses with regard to sidedness in body 
balance. In comparison of individuals, is there a cen¬ 
tral tendency or a wide variation in these patterns of 
preferred response? 

Obviously this one study and the meager amount of 
data presented cannot expect to solve the complicated 
problems of sidedness. The data on the 24 practice 
trials, as presented in Table 4, seem to offer the best 
approach here afforded. However, modification of 
sidedness by certain variations in the series is also 
noted. 

In the comparison of the records of one side against 
the other, this fact must be kept in mind. A small 
record on one side may show greater cfliciency of per¬ 
formance for that sidcj but It may also be produced 
partially by the fact that less time was spent on that 
side. In general, the smaller record on one side seems 
to be fairly closely related to a better performance by 
that side. 

Averages of the 24- trials of each child show in six of 
eight children, all of whom are right-handed, a smaller 
score for the right than for the left side. In these six 
individuals, the excess of the left varies from 4 to 167 
per cent. The group of hoys shows variation of only 
2 per cent. On the other hand, the girls show great 
difference in tliis respect. One girl, who scores highest 
of all the children on the 24 trials, has an excess of 16.7 
per cent in the left-hand score. Two girls show a rc- 
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versa], a small excess, 2 per cent and .6 per cent on the 
right. In the averages of the girls' scores and of the 
boys' scores, however, the individual diflerences disap¬ 
pear, Both show an excess in the left-hand score; 
the girls of 5.8 per cent, the boys of 5.1 per cent. 

The two adults show wide variation in sidedness. 
Excess is on the left, .3 per cent, for the man and on 
the right, 6 per cent, for the woman. Both are right- 
handed. Both reactors are skilful workers on the bal¬ 
ancing-board, Reactor X probably quite exceptional 
in his performance. On the basis of his record as to 
sidedness, it might be inferred that the best performers 
show little sidedness and that this quality may be a 
factor which makes for a high score in equilibration. 
However, D, holding consistently the highest record of 
performance among the children, shows an excess of 
16.7 per cent on the left. It is entirely possible that the 
man's lack of evidence of sideduess indicates an indi¬ 
vidual characteristic. Although he is right-handed, he 
reports a left-handed performance with several tools, 
such as the axe, hoe, and broom. 

It seems probable that great individual differences 
in sidedness occur even aside from the facts of handed¬ 
ness. Further experimentation is necessary to deter¬ 
mine whether girls are more variable in sidedness than 
boys, whether better reactors show more or less sided- 
ness, and whether adults exhibit this characteristic in 
equilibration more or less than children. 

Another and somewhat more subtle tendency is noted 
by observation of actual performance, though it can¬ 
not always be traced in the numerical records. There 
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appears among the reactors in this experiment to be 
an individual preference for initiating effort to balance 
from a certain position and with one foot rather than 
the other. D, the best performer among the children, 
showed a very constant tendency to work, with the left 
side of the board down and the right foot thus in the 
air. Notations of the extreme activity of this right foot 
are found throughout the series. These notations state 
observations such as "Moves right foot continuously— 
even up on toes," and "Left foot hardly ever moves." 
In her case, this habit of performance is directly trace¬ 
able on tlie records. In conformity with the position 
down on left and up on right, the daily records show 
many more contacts for the left side, and the average 
score shows the large excess of 16.7 per cent for that 
side. 

The boy B, also of the childrcids group, showed the 
same characteristics of extreme activity of the right 
foot, using the left foot in a lower position as a base, 
In some instances, this is traceable to the records also. 

Reactor 0, the 12-ycar-old girl, seems to use a 
method similar to tliat of D, though it is not so plainly 
observable either in her performance or in its effect 
upon the scores. Fler words are, "It seems easier to 
hold with iny right foot," and again, "I like to push 
with my right foot." She shows an excess of only 3.5 
per cent on the left. 

Both adults repfirt a preference exactly opposite to 
the metliod stated above. X and Y meiuion liking to 
initiate elToi ts at balancing from the right side. Re¬ 
actor Y makes the statement that, although she prefers 
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to Start from the right aide, she does make the effort 
from both sides j also she states that when blindfolded it 
is easier to shift from right to left than vice versa. This 
preference of method on her part can probably ac¬ 
count for her record of a right excess amounting to 6.4 
per cent, Reactor X, however, who states his prefer¬ 
ence just as clearly, averages a negligible difference for 
the two sides. 

Individual analysis of the daily averages for the left 
and the right side brings out a great variation from day 
to day in case of all reactors but one. The only reactor 
exhibiting consistency is D, who has the 16.7-per-cent 
excess on the left. Her every trial except one out of 
the 24 shows excess on the left. Examination of the 
scores for the six work periods in a day’s trial does, 
however, show a slightly greater variation there. Table 
5 gives the number of trials showing left-side excess 
as compared with the number showing right-side ex¬ 
cess for each reactor, This comparison is worked out 
on the basis of trial average scores and also from best- 
wprk-period scores. 

It might be considered that the most nearly char¬ 
acteristic preference as to sidedness appears in the best 
single short work periods. In trial scores computed 
on this basis, D in 24 trials shows left-side excess in 
only 18 and a total left-side excess of 16.4 per cent, 
illustrating a negligible difference between sided ness 
as computed from average and from best-work-period 
scores, Examination of the means for boys and for 
girls does bring out a greater equality as to sideciness 
in the,frequency and also a slightly greater equality in 
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Sidedness in Equilibrium as Shown by Frequency and by Percentage of Left-Side Excess 
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•Minus sign decotea nght-sine excess. 

tOne work period shows same scare for left and right. 

iThree work periods show same score for left and right. 
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the percentage efficiency of the best work scores. How¬ 
ever, as to individuals, this is variable, since some show 
greater sidedness in the average and some in the best- 
work-period method of scorings 

A study of sidedness of the individual children with 
reference to the influence exerted by the changes of 
stimuli introduced in the series is presented in Table 6. 
These results show extreme variability between indi¬ 
vidual responses. This is most noticeable again among 
the girls who have already been reported as subject to 
the least uniformity in the practice series. 

The addition of the white stripe to the board might 
be expected to decrease sidedness since it indicates the 
center axis. Foot placement with reference to the line 
is also guided at that time. Five trials are probably 
too few in number to constitute a reliable basis for 
judgment in this test, However, in the five trials in¬ 
troducing the mid-axis stripe, only one girl, D, reduced 
sidedness, and that only 1.3 per cent. The other three 
vary about as widely as is possible. H increased right- 
side excess 5 per cent; F increased left-side excess 2 per 
cent; E changed from, right-side excess to left-side 
excess, making a total modification of 7,3 per cent. 
The four boys as usual show considerable uiiLformity, 
reducing sidedness in three cases 6,5 per cent, 4.2 per 
cent, and .8 per cent and increasing it in only one case 
by a mere ,7 per cent. The mean for the 9 children 
shows a 1.3-pei'-cent reduction of the amount of sided¬ 
ness recorded in the previous long practice series. 

The use of the arrow supplies a definite visual indi¬ 
cation of success in equilibrium. It may perhaps be 
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SlDEDNESS IN EQUILIBRIUM AS INFLUENCED BY VaRIATIOXS IN SeWES 
Differences of means (percentage), left minus right_ 
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assumed to emphasize visual cues with reference to 
lateral oscillation and to give training in the use of 
such cues. In static equilibrium it has been found 
that the use of visual cues quickly corrects lateral sway 
(Miles, 118). It is perhaps to be expected there¬ 
fore that reduction of sidedness might result from this 
series. This expectation is borne out in the case of all 
but one child, reductions in sidedness amounting to 
l.S per cent, 4 per cent, 4.S per cent, 1.6 per cent, and 
3.1 per cent. One boy, however, for reasons unac¬ 
counted, increased his usual sidedness 17.8 per cent. 
Without this case, the average on a comparable num¬ 
ber of cases throughout aho-ws an indication of a slight 
reduction—about 2 per cent—for the arrow series. 
With this case included, the mean shows an increase of 
sidedness necessarily rather than a decrease. 

Sidedness in the five control trials following use of 
Visual cues again shows variable individual increase 
or decrease, The average of the three boys shows a 
4-per-cent decrease in sidedness in the control follow¬ 
ing the arrow-plus-line series. 

The total reduction in sidedness from the original 
long practice series through the white line and the 
arrow-plus-line series to the control is perhaps signifi¬ 
cant. Reactor D, beginning with the excessive 17.3- 
per-cent sidedness, has reduced this to 8 per cent, 6.S 
per cent of this reduction taking place in the control 
series following the use of visual cues. Reactor E has 
slightly increased her right-side excess, and Reactor 
F has slightly increased her left-side excess, though 
both had reduced this excess during the visual training, 
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One boy has increased his left-side excess 1.2 per cent 
in the entire time, though the two others show 3.6-per¬ 
cent and ,6-per-cent reduction. B shows the slight 
total decrease of .6 per cent in his left-side excess in 
spite of his phenomenal increase of sidedness during 
the arrow-plus-iinc series. Not only that increase was 
lost but additional reduction was made when the visual 
stimulus was removed. 

The three boys of the children’s group who were 
given a short blindfold series show only a .9-per-cent 
average increase in sidedness. This blindfold series 
of three trials is probably too short to be indicative. 
The two adults in a series of 10 blindfold trials increase 
a left-side excess in the 24 practice trials by S.l per cent 
and a right-side excess by 8,9 per cent, Whether vis¬ 
ual cues play a greater proportional part with adults 
than with children in prevention of excessive sidedness 
is an interesting question which can be made clear only 
by further experimentation. It is of course possible 
that increase in sidedness of the blindfolded adults is 
merely a concomitant of the general disturbance in 
equilibrium occasioned by cutting-off of visual cues 
and not significant of the comparative relationship of 
any two factors of control. 

An analysis of the records of the four reactors who 
show exceptional changes of any kind in sidedness is 
interestingj particularly since in each instance there 
appears to be a relationship—though a differing one— 
to visual cues. These four, Reactors D, B, X, and Y, 
were all enthusiastic, interested workers. From the 
data at hand, D and X appear to be exceptional in body 
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balance as measured by the balancing-board. B and Y 
can probably be classed excellent. All were apparently 
in excellent health and had no defects, visual or other¬ 
wise. All four show unusually good physique and are 
skilful in general motor activities. A case history of 
each with reference to sidedness is presented. Parallel 
numerical records using grouping by five’s for the 
closer study are given in Table 7. 

TABLE 7 

Variations in Sidddness through Learning Series in 
Equilibrium 

DifFercnces (percentage), left minus ri|;lit 


Trinls 

Scries 

D 

Average Best 

B 

Average 

Best 

I- 2 

Practice 

.145 .056 

.029 

.107 

3- 7 

Practice 

.101 .062 

—,004" 

.014 

8-12 

Practice 

.156 .126 

.051 

.090 

13-17 

Practice 

.275 .229 

.010 

—.023 

lB-22 

White line 

.165 .196 

.02B 

.053 

23-27 

Arrow + Hue 

.170 ,0296 

.239 

.291 

28-32 

Arrow -|- line 

.121 .DM0 

.171 

.057 

33-36 

Control 

.010 ^.0824 

.012 

.053 

3 8-40 

Blindfolil 


.034 




X 

Y 


Trialj 

Series 

Average Best 

Average 

Best 

1- 5 

Practice 

—.0+3 —.012 

—.069 

—.090 


Practice 

—s039 —.03H 

—.127 

—.106 

11-15 

Practice 



—.019 


Practice 

.022 ,054 


—.055 

21-24 

Practice 

.119 .059 


—.04 + 

25-29 

Blindfold 

.102 .085 

—,112 

—.199 


Blindfold 

.025 ,138 

—.19+ 

—.215 

35 

Control 

.143 .072 


—.161 

36-38 

Retention 

.113 .186 




*Minus sign denotes right-side excess. 


Refictof D, Female. 4 years 9 nioiiihs. IQ 115 

Reactor D holds the luglicsC mcjin record for the children's primp 
on the basis of 24 trials. Her quite cHccptional Icft-siilc excess of 
17.3 pet cent has been previously mentioned. Also her reduction of 
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this excess to 8 per cent in suliscqucnt trials has been stated. This 
modification of 9.3 per cent m siilcdncss as sho-wn in Table 5 is 
greater than that of any other child except U.^ It is true the control 
series of only 4 trials aiipems from study of the records to be too 
short to indicate whether this as a marc nearly permanent learning 
or a monicntaiy cli.ancc effect. If we follow D's record througli 
from the hcginninn, however, this last reduction appears to possess 
some possibility of significance. It will be noted in Table 7 that 
throughout the practice scries D showed a strong tendency to in¬ 
creased sidelines.?. This w.a.s, howcvei', greatly cheeked by tlie ad¬ 
dition of the >vhitc line and the control of foot placement. The 
second five trials of the arrow series show a still further reduction 
in sidedness and also improvement in average score. Some basis 
apparently exists for the conjecture that the control of visual stimula¬ 
tion as attempted in the arrow series may be associated with the 
reduction in sidedness in that .series and perhaps also in the follow¬ 
ing control .scric.s. 

The best single ^vork periods .show throughout perhaps a slightly 
greater tendency to uniformity of right and left. However, they 
show the .same general tendency to increase of sidedness. dviring the 
long practice scries. A .sharp decrca.sc in difference between left and 
right is present in the arrow .series, The best single records show 
even a reversal to nn 8-pcr-ccnt right-side excess in the final control. 

Hy hiith nuithnds of recording, a change in general tendency ap¬ 
pears during the arrow series. The tentative assumption seems there¬ 
fore justificil that in tlui case of D some control of visu.al cues may 
Jiavc .acted a.s .a cause for leduction of sidedness. Progressive train¬ 
ing effect may al.so liavc been present. 

Rcac/or fJ. jV/d/r, 4 yean 9 vxonlfis, IQ 113 

Reactor H in the children';? group holds the rank of fifth as deter¬ 
mined by the mean score,? of 24 trials. He is, however, less than 
1 per cent below the child ranking fourth. As observed, he appears 
to be one of the most skilful of the children in balancing. He was 

.show.s llu! next greatest change with regard to .?idednc.ss. Her 
modifications may iicrliaiis hn inferred to he more nearly referable 
to foot position and inlloence of tlie white line, though some relation 
to visual cues is [iriibably also present. 
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in general a tireless worker, though a playfulness occasionally ex¬ 
hibited may have lowered liis total Ecorc. 

As shown by the differences presented in Table 7, D exhibited no 
pronounced sidedneas at any time previous to the arrow series. His 
greatest left-side excess is 5,1 per cent shown in trials 8 to 12. His 
average sidedness in 22 trials preceding the nrrow series is 2,2 per 
cent, a left-side excess. 

Averages for the arrow scries, however, reveal a left-side excess 
of 23.9 per cent In the first 5, reduced to 17.t per cent in the 
second 5 of the scries with a negligible gain in skill during the 10 
trials, The control series of 5 trials following shows an immediate 
reversion to his former tendency to equalization in a left-side excess 
of 1.5 per cent. The control series also brings a jump of 4.6 per cent 
in skill which constitutes an unusually large gain for only 5 trials. 

It is possible that Q, probably contrary to D, has already built up 
a reflex mechanism which used visual cues in a rather expert manner. 
The arrow series may have greatly disturbed this previous cflicicnt 
pattern of response, as assumed, thus causing marked increase of 
sidedness. The reduction of sidedness by 6.8 per cent in the second 
5 of the arrow series may be interpreted ns unusually rapid adapta¬ 
tion to the new pattern of visual cues. It is probably too much to 
assume that the almost perfect equalization and the marked gain in 
equilibration of the control are partially a result of training during 
the arrow series. Assuming a previous unusually cflicicnt use of 
visual spatial cues, it can at least be stated that the training in the 
arrovy series effected no subsequent detriment to such a pattern. The 
reactor returned immediately to a much increased efficiency iti bal¬ 
ancing and to a minimum evidence of sidedness. 

Sidedness is again increased during the blindfold series, though it 
cannot be said that it would not have increased without it. 

The trend as set forth in best single records is in general similar 
to that of the averages though changes frequently show up in a more 
exaggerated form. 

Detailed study of B's records for sidednesS can be said to show 
nothing especially remarkable other than a pronounced modification 
during the arrow series. This record does not negate a liypothcsis 
that adequate control of visual cues may affect sidedness or that train¬ 
ing in the Use of visual spatial cues may tend to decrease sidedness. 
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Reactor X, I\Ia\c. Age 23 years 

Rcnctor X is a mast active yoiin^ mao of seemingly exceptionally 
quick response, He appeared ^^einilncly interested in seeing Iiow 
great a skill in halancitig he could Imilil up. His \viUingness and his 
ability to expend consistently the iiuiximum of cIToit through a long 
Icfiniing series is iituisiial, Jli.s record of achievement on the bal¬ 
ancing-hoard appears nuiic excepiinnal. 

Reactor X shows on the 24 practice trials an average sidedness 
of only .3 per cent, indicating an almost equal use of right and left 
sides. However, analysis of sidedness from the beginning to the 
end of the experimental program reveals variations of some apparent 
significance. As recorded in Table 7, difTercnccs of left and right 
average scores sliow in the beginning n 4,3-pcr-ccnt right-side excess. 
This right-side excess is reduced by a /airly regular gradation to 
negligible quantity hy (he end of 15 trials. At the end uf 20 trials it 
lias been reversed to a 2.2-pcr-ccnt left-side excess wliick is increased 
to a left-side excess of 11.9 per cent hy the end of tile 24 practice 
trial.s. 

The marked incrcuKc in sidedness on these lust 4 trials, together 
with a marked loss in eflicieiicy in balancing, furnishes some indica¬ 
tion that wiili ihis rivactor reduction in sidedness is partially an ac¬ 
companiment of gain In ability. Ills previous regular decrease in 
sidedness had acconipaniiid a similar regular gain in balnncing-.slcill. 

The gracliial reversal from a medium right-side excess to a marked 
left-side excess presents a curious problem. I'liat this is not a simple 
matter of cliaticc is evidenced by the regular progression and by the 
change also in frequency of excess as to daily trials from the riglit to 
the left side. The first 15 trials show i 1 with right-side excess, The 
next 9 trials sliinv H wlili left-side excess. The same trend from 
right- to left-side excess is shown hy the best single records though in 
these records a right-side excess is more nearly negligible from the 
beginning. 

Data of the hlifid/oltl series apiicar to supply a due as to the cause 
of this progressive change. ^Vheii all visual cues arc removed, the 
trend is dcfiiiitelv hack again tii>var(l right and left uniformity. The 
first five trials nf (he hlimlfold series show a l.7.(ici-ccnt reduction in 
left-side excess in spite of (his confusitm of (he response pattern. The 
second .5 trials with the hlimlfoliled reactor's strcnuovis efforts to 
make a gain under those condiiions show a rcmiirkahlc decrease to 
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within 2.5 per ceac of uniformity right and left. This reduction is 
accomplislicd too by a close equrility of ripht and left in cacii trial 
rather than by a large excess now on one side, now on the other. 
Trials 30 to 34, the last 5 of the blindfold scries, show the following 
left-right relationship in comparison with trials without blindfold be¬ 
fore and after (Table 8). 


TADLE 8 


Trial 

Series 

Left 

Rigln 

Average 

21 

Practice 
(ne blindfold) 

,2B5 

.145 

.215 

2i 

(no blindfold' 

.297 

.173 

.256 

2i 

(no blindfold' 

.3 62 

.186 

.274 

24 

(no bllndfoldl 

.294 

.257 

,275 

3Q 

DUndfold 

,32S 

,324 

.324 

31 

lllirulfold 

.346 

.321 

.33] 

32 

Blindfold 

.347 

.34B 

.348 

33 

Blindfold 

.345 

.309 

.327 

34 

Blindfold 

.367 

.303 

.335 

35 

Control .341 

(no blindfold) 

,19B 

.269 


The contrast of the equality shown during the blindfold series and 
the marked sidedness exhibited before and imincdintcly niter when 
visual CUES arc again permitted is of striking character. It is un¬ 
fortunate that it was necessary to base the final control upon only 
the 1 trial Instead of upon a series of 5 or 10 trials. 

Three trials constituting a. retention series, months later, show 
still an 11.2-per-cent left-side excess. 

The most tenable theory to explain X’s history as to siclcdness .ap¬ 
pears to point definitely to his pattern of visual cues. These were 
uncontrolled for the adults except during the blindfold series. A 
tentative assumption is perhaps permissible that something in his 
evolving habit pattern with regard to use of visual cues administered 
training favoring a left-side excess. This appeared to be gradually 
overcome when visual cues were cut off, but to be Immediately rein¬ 
stated with removal of the blindfold. This history appears to sup¬ 
port a hypothesis as to the influence upon sidcdncss to be exerted 
by training in use of visual spatial cues. 
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ReactQr y, Female, 4ge 2,0 yenri 

Reactor Y is iiniisiially skilful in sports and in feats of motor co¬ 
ordination. Her proficiency in ridinir the bicycle is rather remarkable, 
anti she is also an accomplished linrscwonian skilled in jumping. Her 
mctliod of reaction on tlic balnncing-honrd was not of the rapid-fire 
activity type by X, She showed a slightly slower but well- 

calculated, carclul effort. In attitude toward the test and toward 
her methods she was highly analytical. Performance throughout was 
consistently earnest and vigorous in spite of a train of circumstances 
probably sonicwliat tintau'ard as far as test achicvcmcfit is concerned. 

Reactor Y's preference as to initiation of effort from the right is 
in line with that expressed by X. It is exactly opposite to the method 
used by tile two children 11 and D, who worked witli left foot down 
and right foot up and active. 

The results of this opposite preference, however, are much more 
marked in the case of Y than with X. Y shows the right-side excess 
througliout, thiiugli again, as with X, an approach toward right and 
left equality is strongly evidenced witli increase in proficiency, Trials 
16 to 20 and 20 to 24 show a reduction of right-side excess to only 
3.6 and 3.1 per cent, respectively. Tiic two adults X and Y reduce 
Bidedness as tlicy increase in proficiency in an uncontrolled practice 
series. On the other hand, the two children II and D in n series 
similar but not sn long show increase of sidcdncss with increase of 
proficiency. Individual differences as to methods of com|)cnsation 
appear to cover a brn,'i(l range. 

Hnwcveri removal of visual cues in tlic blindfold series serves 
markedly to increase Y's .'bidedness which in the continued confusion of 
the second 5 trials without gain in proficiency reaches the high mark 
of 10.4-p(ir-ccnt riglit e.vcc.ss. Y'.s blindfold record of marked increase 
ill sidedness follou ing a previous tendency to^vard equality shows an 
effect exactly opposite to that exerted upon X. In his case, the blind¬ 
fold served to .stabilize momentarily an increasing tendency to sided¬ 
ness. 

Folhnving removal of the blindfold, Y i'eturn.s' at once toward her 
former ainoiint of right-side cxcc.ss. This is in accord with X’s im¬ 
mediate return Inward his previously established left excess, 

Several cnnjecturc.s can pcrhap.s be advanced witli regard to Y's 
record as to sidedne.sR. Certainly her preferences of position, her 
method of work, and her general rc.sults in .sidedness arc exactly 
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opposite to those of D, for instance. Y, showiriE fi right-side excess, 
can perhaps be said to be using the compensations connected with the 
left side of lief body more expertly than those connected with the 
right. Her characteristics of sidedness in equilibrium seemingly 
correspond to the characteristics of Icft-hnndcdncss though she is not 
left-handed. 

Amoug the sGVWal ohservahU {ficlots which may he, supposed to 
be operative in producing sidedness arc weightj strciigtli, skill, and 
visual spatial reflexes, as well as other more subtle influences. If any 
of these play an unusually important part in this ease to cause the 
right-side excess, it would seem to be somctliing other tlian the visual 
reflexes. Though showing the right-side excess consistently before, 
with visual cues cut off, evidently some restraining influence is 
eliminated and a greater dominaiice of the factor producing the right- 
side excess occurs. Upon removal of the blindfold, visual cues again 
cause a quick return from the excessive sidedness, It may be argued 
that the increase of right-side excess (luring tlic blindfold series simply 
shows general disturbance of the usual pattern and docs not indi¬ 
cate anything with regard to the relative influence of different factors. 
This would hardly seem a valid argument in the ease of this prac¬ 
ticed, careful reactor. Also, why did it not operate to increase X's 
marked left-side excess? Why, also, was it not noticeable in the 
blindfold series of the little boys who might, because so young, be 
expected to show more of a reaction of disturbiince than an adult? 

The present data cannot provide a solution to the 
questions asked. Much further work must be done to 
solve the problem of the otigin of sidedvies^ and of the 
proportionate influence of the factors operative. Ob¬ 
viously, it is not a simple matter of greater weight, 
greater strength, or greater skill of the one side. Sided¬ 
ness appears to be the resultant of the algebraic sum of 
a number of subtle factors difficult to separate. Some 
obviously have a counteracting effect and others appear 
to reinforce each other. Whether or not one factor 
acts to dominate is also a task for future determination. 
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The fact that modifications in sidedness do occur is 
significant. Ihe fact that these occurred gradually, 
showing progression over a length of time, is also sig¬ 
nificant. 

Study of these four case histories as to sidedness 
serves to emphasize the part played by visual cues. 
However, the type of influence exerted by visual spatial 
habits apparently varies considerably among indi¬ 
viduals. 

Sideclness is shown in another way not measured in 
this experiment. The amount of control exerted by 
the right side is, in gencrai, apparently the greater. 
Descent governed primarily by the left side of the 
body appears to be more abrupt and forceful. This is 
evidenced by observation of the reactor’s performance 
and also by examination of certain details of the rec¬ 
ords. The records give some indication of a tendency 
to a certain amount of equalization of the force of 
descent with continued practice. However, direct evi¬ 
dence of this difference in control by the t^vo sides, 
since not measured by the apparatus used here, is not 
amenable to presentation. The addition to the appara¬ 
tus of a means for recording the relative force of 
descent on each side is particularly valuable in any 
study of sideclness, 

The results with regard to sideclness in equilibration 
as measured by the balancing-board may be sum¬ 
marized as follows: 

1. A general tendency toward greater efficiency of 
the right side of the body is shown. 



190 


ELINOR LED BEBBB 


2. Some individuals show greater efficiency of the 
left side. 

3. Variation between individuals as to amount of 
sidedness is considerable. 

4. There is some indication that sidedness decreases 
with increase in skill in equilibration. 

5. In this experiment girls showed considerably 
greater variation with reference to sidedness than boys. 

6. Individual differences as to pattern of method 
and preference are found. 

7. Difference in force of descent on the two sides 
is probable. 

8. Visual spatial coordinations apparently affect 
sidedness in different ways in different individuals. 

9. Sidedness appears to be amenable to training per¬ 
haps by use of visual cues. 

10. Apparentlyj newly acquired habits of sidedness 
in equilibration may persist for three months without 
specific practice, 

D. Control of Foot Position 

Tables 9 and 10 show by means and by percentage of 
gain the effects of the attempt at control of foot posi¬ 
tion. The average gain for either boys or girls is 
slightly less in the white-line series than in the cor¬ 
responding period of practice with no such control. 
Study of individual scores shows that, two boys made a 
better gain in this segment than in either of the two 
previous periods. One shows a negligible gain and 
one even suffered a loss. The girls individually give a 
much similar variation. 
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'I'ADLE 9 

Mean's for Pract-ict and White-Linb Series in 
Equiliurium 


Trials^ 

Sericft—> 
Hcncior 

Hex 

3-7 

Fraciicc 

B-I2 

Prnclicc 

13-17 

Frncticc 

ia»Z2 

While line 

1) 

F 

J77 

.3£H 

J(j1 

.361 

II 

F 

.-too 

.384 

.347 

.380 

E 

F 

.39(1 

.407 

.408 

,377 

F 

F 

.422 

.373 


.375 

Mean 

F 

.399 

.383 

.378 

.374 

0 

M 

.389 

.377 

.354 

.368 

C 

M 

.395 

.38li 

.370 

.369 

1) 

M 

.394 

.379 

.385 

.369 

A 

M 

.387 

.391 

.396 

.381 

Menu 

M 

.391 

.383 

.376 

.372 

Mean 

F&M 

.395 

.383 

.377 

.375 


TAULli 

Pl'RCliNTAOIi CtAIN OR 1,08.1 IN 

SjiHiiiS JN Test i)i 

10 

Practice and White-Line 
* Equjlierium 

'I'lials- 

ScricR- 

Rcacior 

-> 

-> 

Hex 

H-12 

I'rnciice 

13-17 

I'raclicc 

18-22 

Wliilc line 

8-22 

Abaoliite 

gain 

1) 

F 

.0119 

.007 

.000 

.016 

11 

r 

.010 

.037 

—.031 

.020 

E 

I' 

—.011 

—.001 

,031 

,019 

F 

r 

.049 

—.023 

.021 

.047 

Mean 

F 

.016 

.005 

.0047 

.0245 

G 

M 

.012 

.023 

—,014 

.021 

C 

M 

.009 

.016 

,001 

.026 

11 

M 

.015 

—.01)6 

,016 

.025 

A 

M 

—.1104 

—.005 

,015 

.006 

Me ill! 

M 

.UOH 

.007 

.004 5 

.0195 

Menu 

[■\tM 

.012 

.006 

,004 6 

,022 
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Certainly no significant results can be said to have 
appeared from this attempt at control. The method 
used in the attempt does not pretend more than partial 
control, Presumably the white line strongly but cas¬ 
ually directs attention to the fact that there is a center 
axis. It locates the center axis as well as assisting the 
child’s concept of symmetrical placement. It was de¬ 
sired to accomplish this with a minimum of disturb¬ 
ance or inhibition of the preferred placement. What 
inhibition existed was probably concerned with the 
child’s desire to comply with the instruction to keep 
the feet an equal distance from the line in a position 
which was almost daily pointed out. This desire and 
the consequent direction of attention toward foot posi¬ 
tion could be a sufficient distraction to interfere with 
the performance. 

Ideas as to what may constitute adequate control of 
foot position in young children probably vary. The 
painted outline of the sole on the board at positions 
equidistant from the axis and the insistence that all 
children observe this same distance between the two 
feet does not appear to give equal advantage to all. 
Some may prefer a narrower stance, some a wider; 
while some may be exactly suited by the stance im¬ 
posed. A study of the preferred distances as used by 
each child might make it possible to estimate the indi¬ 
vidual’s preferred stance. Wide varicolored stripes 
placed parallel to the mid-axis and in symmetrical 
order might be used to assist the child without too much 
inhibition to take an equidistant position and to main¬ 
tain the same from trial to trial. Obviously the feet 
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must be free to make small adjustments. Any inter¬ 
ference with the fullest activity either by mechanism 
or by suggestion disturbs the general pattern and ham¬ 
pers the performance probably to a varying degree in 
different reactors. 

Preference as to width of stance appears to be rather 
generally developed by the seventeenth trial, Ob¬ 
servations as to this point were made throughout the 
program, The majority of the earlier records showed 
a wide stance, that is, 10 or maybe 12 inches. With 
practice this was narrowed rather rapidly to about 4, 
6, or 8 inches for the different children. A child who 
habitually used a narrow stance sometimes began with 
a wider distance but narrowed this after a work period. 
The individual child seemed to develop a quite definite 
feeling as to what constituted his “right" foot position. 
One boy when asked the routine question used in the 
control of foot position “Arc your feet right?" an¬ 
swered, "I want them just a little bit closer." I-Ie, 
together with the others, frequently worked metic¬ 
ulously to place his feet just where he desired them for 
the work, TJiis meticulous quality and the feeling 
for precision in themselves may be considered as symp¬ 
tomatic of a considerable amount of distraction by the 
attempt at control. However, it is possible, too, that, 
while attention to this detail is during the time asso¬ 
ciated with some general loss in achievement, yet some 
subsequent achievement perhaps may be attributed to 
an improved metliud of foot placement now become 
more nearly automatic. 

This last observation calls into question the validity 
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of the method used to measure the gain or loss presum¬ 
ably to be attributed to any one variation in the stimulus 
pattern, The measurement of the amount of gain in 
any one segment of a learning series offers dinicuUies 
within itself. The method chosen consists in throwing 
the series into groups of five for which mean scores arc 
set up. Since all scores in the balancing-board experi¬ 
ment are computed on the basis of 100 per cent, 0 be¬ 
ing a perfect score, the difference between the means 
for the groupings by 5 constitute a gain or loss in 
percentage on a constant basis of perfection. Certain 
inadequacies in this method are admitted since a loss 
in one "5" may be followed by a seemingly more than 
legitimate gain in the succeeding “5.” However, er¬ 
rors of this nature are not obscured but are readily 
observable. Approximate correction is readily made. 

However, the question of the validity of the esti¬ 
mated loss or gain as measuring an increment assign¬ 
able to influence of foot position or of visual cues alone 
remains unsettled. In general, it may be assumed that 
a significant modification in response associated with 
a series characterized by a modification of the stimulus 
pattern may indicate potential causal relationship. 
However, in a complicated activity such as equilibrium 
there are many counteracting factors. Also, there is 
no clear evidence that by some mechanism of summa¬ 
tion or of maturation with exercise a modification 
which at the time introduced apparently is associated 
with loss may not be partially responsible for a gain 
at some subsequent period. 

These two important discrepancies with regard to 
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the method of analysis of loss and gain in the course 
of the learning series arc recognized. The necessity for 
certain allowances is frankly admitted. Nevertheless, 
for the present purpose, this simple method is consid¬ 
ered more suitable tlian the more complicated formulae 
for computing rate of increase in the segments of a 
learning curve. 

The changeable factor of motivation is also to be 
considered with reference to comparison of gains and 
losses from group to group within the series. It is 
doubtless true that certain variations in the series 
served to increase motivation at the time introduced 
and so the results arc cJoudctl by the variations in mo¬ 
tivation. However, to carry tliroiigh so long a series 
with the hind of activity tested and using young chil¬ 
dren appears to be practically impossible without sufR- 
cient variation to keep up motivation. Also, a long 
learning series in which motivation gradually declines 
is subject to tlie same or even worse difliculties of in¬ 
terpretation. ICvery effort was made throughout to 
keep up a high motivation. That this failed at times 
is probably indicated by the loss recorded by both 
adults in trials 21 to 24. It is possible that a part of 
the general loss recorded by the children for the period 
of the use of the white line is due to boredom. The 
detail of the aclilition of the white line docs not appear 
to have much motivating power. Although it is im¬ 
possible to estimate relative nmtivation, yet it is be¬ 
lieved to have been fairly regular throughout except 
perhaps ilirougli trials I.I to 22. lAiring this period 
there may ]ia\'e been a sligjit dccrensc, jit)t in any way 
noticeable with all children. 
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Motivation differs between the children also. F 
and C show the least motivation throughout^ seemingly 
due to the infrequency of successes and the effort 
necessary for achievement. On the whole, however, 
they were cheerful and worked with pleasure. A, 
although he told his mother he didn’t think he was 
very good at balancing, was always most cheerful and 
persistent. E, in spite of quite evident disappoint¬ 
ment at times because of inability to hold, worked with 
energy and exceptional persistence. Her gratification 
when she at last began to have some feelings of success 
seemed effective in spurring her to still greater elfort, 
D, who holds the best record throughout, can be said 
also to have shown the best and most consistent motiva¬ 
tion as compared with the other children. A slightly 
easier test of equilibrium in which all children can 
sense achievement will probably more nearly equalize 
motivation both as between reactors and as between 
the progressive series. 

E . Control of Visual Cues—Arrow Series 

The data of Tables 11 and 12 present the results of 
the arrow series. Mean gains of the six children who 
completed the series are shown to be slightly higher 
in the two groupings of this series than in any group¬ 
ing of a preceding series. The absolute percentage 
gain for trials 23 to 34 is 3.1 as against 2.2 per cent 
for trials B to 22. The boys’ absolute gain exceeded 
the girls' by 1.4 per cent in the arrow and control scries 
while the girls’ absolute gain exceeded that of the boys’ 
by .5 per cent in the practice and white-line series. It 
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TABLE 11 

HIhans for IVnite-Linb and Arrow Series in 
Test of Equilirrium 


Trials-^ 

Series-^ 

Reaclnc Sex 

lH-22 

WJiiie 

line 

23-27 

Arfoiv 

28-32 

Arro»7 

33-34 

Control 

I) 


.361 

.345 

,335 

.329 

E 

F 

.377 

.354 

,333 

.335 

F 

F 

.375 

.399 

,403 

.376 

Mean 

F 

.371 

.364 

.357 

.347 

c 

M 

.369 

.332 

.347 

,353 

]1 

M 

.369 

.364 

,366 

,320 

A 

M 

.3St 

.369 

.332 

.331 

Menu 

M 

.373 

.355 

.348 

.335 

Mean 

F.tM 

.372 

.359 

,352 

,341 


1‘AHLE 12 


PfllCUNTAClE (tAIN OR LoSS IN WHTrii-LlNlI AND ArroW 
Sr.RUvs IN Test of Equiurrujm 


Trials—> 

Series—> 

RencUir 

S« 

33-27 

Arrow 

28-32 23-32 

Tolnl 

arrow 
Arrow gain 

33-34 

Cuntrul 

23-34 

AbsoUitc 

gnlD 

1) 

V 

.016 

.010 .026 

.005 

.031 

]l 

F 

.023 

.021 .OH 

—.002 

,0+2 

V 

F 

—.OIS 

—.010 —.028 

.027 

—.001 

Meat! 

F 

.007 

.007 .014 

.010 

.02+ 

c 

M 

.037 

—.015 .022 

—.006 

.016 

B 

M 

.005 

—.002 .003 

.0+6 

.0+9 

A 

M 

.012 

.037 .0+9 

.001 

.050 

Menu 

M 

.018 

.007 .025 

.014 

.033 

Menu 

F&M 

.013 

.007 .019 

.nil 

.031 


miiy be possible (bul: the boys show significant superi¬ 
ority in skill in the arrow series. Superiority in this 
arrow scries may be constriicil to indicate superiority 
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m &d\icRbiUty of visual reflexes or superiority iri ability 
to resist disturbance of the usual pattern or^ again, su¬ 
periority in some other unidentified factor. The boys, 
A and B, made gains of 5 per cent and 4.9 per cent, 
respectively, in trials 23 to 34 as against the girls' high¬ 
est gains of 4,2 per cent and 3.2 per cent as scared by 
B and D. F, a girl, the poorest in gcjicral score 
throughout the entire test, registered even the negli¬ 
gible loss of .1 per cent in this same time, Four 
children of the six completing the arrow series made 
in this series their greatest gain for any group of S 
trials. This highest gain as registered by each of 
these four reactors was approximately twice the next 
highest gain registered by that reactor. As judged 
in the small number of cases, there appears to be some 
evidence for an increased rate of improvement during 
the arrow series. 

An increase in learning during control of visual cues 
is in accord with the educability of visual reflexes in 
manual localization. Maxwell (101), as well as Mag¬ 
nus and de Kleijn (96, 97), has demonstrated the 
direct relationship of the compensatory reflexes of the 
eyes to bodily orientation in space. It is possible, how¬ 
ever, that the learning series here should include 15 or 
20 rather than only 10 trials. Also, there are defects 
in the experimental program itself and in the device 
of the moving arrow with reference to showing forth 
clearly the effects of visual cues. It is believed that 
for this purpose all moving and fixed parts of the ap¬ 
paratus except the balancing-board itself should be 
screened with a mat surface of a Iiomogeneoiis char- 
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acter such as to eliminate spatial cues in so far as 
possible, A training period with the child facing a 
large smooth flat screen might seem to constitute some 
approach to a zero condition. For visual cues the use 
of four fixed colored rods set in diamond forinatLon 
with two opposite points exactly in line with the mid¬ 
axis of the board seems to have advantages over the 
moving arrow. Their distance from the child, the 
continued use of the homogeneous background, and 
adequate control also appear important. In such a 
set-up a device for fixation and for a control by 
increase of small eye movements are also possible 
additions which have bearing upon the same part of 
the problem. 

F . Blindfold Series 

The results from the blindfold scries afford some 
additional information as to the role of the visual 
spatial coordinatitms. Tables 13, 14, IS, 16, and 17 
give the data for the three boys of the youngest group 

TAllI.E 13 

i\'lKANS AND PliKL'KNTA<!lv hn.SS AND GaIN FOR DlINDFOLD 
AND CONTROI, Sl-RIHS IN ICqUILIJIRIUM (ChILDRL’n) 

% fialii % loss 
lilinci- blindfold 

'frials—> 33-37 *U fold from 

Series—> Coinrnl llUosl- Ctiiilrol over best 

fdld pooresl average 


Rc- 

nclor 

ScT 

Arc 



lllSH 


RQin 

avernKc 
nf S 

of 5 

A 

M 

S:fl 

,332 


—.021 

.355 

—.0(12 

.0+3 

—,021 

11 

M 

•l;5 

.m 

.3 $'3 

-.033 

.3111 

.1109 

.035 

—.03 3 

C 

M 

-1 :lil 

.3 15 

.mz 

—.037 

.U\ 

.013 

.013 

—.050 

Menn 

M 

-1 :<) 

.334 

.305 

—.030 

.350 

.OOB 

,030 

—.03 5 
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TABLE J4 


Moans for Practice Series in Equilibrium (Adults) 


Renctor 

Triels—^ 

Sex Arc 

1-5 

(-10 

11-1! 

l(i-20 

21-2+ 

X 

M 

21 

.515 

.2(0 

.25 H 

.23 5 

.250 

Y 

F 

20 

.3H 

.335 

.302 

.289 

,299 

Menn 


Adult 

.329 

.297 

.2tj0 

.261 

.27+ 




TABLE 15 




Phhcrntare Gain or Loss in Practice Series in Equiliqrium 




(Adults) 







$-10 

11-15 

U-20 

21-24 

6-2+ 

Reactor 

Sex 

Age 





Absolute 








Roin 

X 

M 

21 

.057 

.002 

.023 

—.015 

.067 

Y 

F 

20 

.009 

.033 

.OH 

—.011 

.0+5 

Mean 


Adult 

.033 

.017 

.019 

—,013 

.056 


TABLE 16 

Means for Blindfold and Control Surtds in Equilibrium 

(Adults) 


Trials —> 
Series —> 
Reactor 

Sex 

Age 

21-2+ 

Fraclicc 

25-29 

niind/old 

30-3+ 

Blindluld 

35 

Control 

X 

M 

23 

.250 

.339 

.333 

.269 

Y 

F 

20 

.299 

.359 

.359 

.2+1 

Mean 


Adult 

.27+ 

.3+9 

.3+6 

.255 




TABLE 17 




Percentage Gain oil Loss in Blindfold and 

Control Series 



IN 

Equilibrium (Adults) 



Trials —> 



25-29 30-3+ 

35 

% loss 

% loss 






blind- 

blind- 






fold 

fold 

Series —> 



DlindFold Blindfold 

Conirol from poor-from beat 






cst nvernge 

nvernge 






of 5 

of 5 

Reactor 

Sex 

Age 





X 

M 

23 

—.ose ,005 

.06+ 

—.023 

—.103 

Y 

F 

20 

—.059 —.001 

.IIB 

—.01+ 

—.070 



Wra'rt —.troD 


—.1)11 

—.O'er? 
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and for the two adults. The expected loss appears in 
a riuite uniform manner with the children, showing an 
average loss of 3 per cent for the th'ree blindfold trials 
ns compared with a previous control series. The chil¬ 
dren’s slow gain upon removal of the blindfold is 
notable, though the very slight loss by A at that time 
is probably only an interesting chance occurrence. 
The average score during the blindfold scries is seen 
to be somewhat better than the poorest average of 5 
trials as made by any of these children. Also the same 
comparison with the best average from a 3-gronping 
shows the blindfold average considerably below the 
best. 7'he difference from the poorest records varies 
from child to child as portrayed in Figure 4. It might 
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TO 

appear that C, the child who shows the least difference 
between blindfold and poorest, uses visual cues to best 
advantage and places more emphasis perhaps upon that 
factor than upon proprioceptive or vestibular stimuli. 
This conjecture receives further support from the fact 
that this same reactor, C, made a good gain during 
the arrow series. On the other hand, A, who made 
the greatest gain—4.9 per cent—in the arrow series, 
shows the greatest difference between his blindfold 
records and his poorest average of 5. It might there¬ 
fore be inferred that A's means of gain in this learning 
ptQgcim Kbvb beeiv thcouglv hU eye reflexes but ulio 
even more through other mechanisms, B shows about 
an even division between the effect of vision and of 
other influences in this learning program. 

The loss in efficiency as experienced by the adults 
in the blindfold series is even more marlced than that 
of the children. In fact, the performance on the bal¬ 
ancing-board as shown by the blindfolded adult is only 
moderately better than that of the blindfolded S-year- 
old child. Averages of the three children against 
averages of the two adults show an adult superiority 
of only 1.7 per cent when blindfolded. Also, the 
blindfold record of both adults is poorer than their 
poorest average oi S as shown graphically in "Figure 4. 
Both adults show what can undoubtedly be called a 
large difference between their best grouped average 
and their blindfold averages. Can it be inferred from 
these comparisons that practically all of the relatively 
larger gain by adults in this learning program in equi¬ 
libration is due to the modifications having to do with 
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eye reflexes? On tlie other IirikI, do the data of the 
three boys of mean 4 years 9 months indicate that, 
while learninti capacity in equilihration is due to edu¬ 
cability of visual spatial coordinations, yet at that age 
other factors exert practically ecjual influence? 

That the proprioceptive responses having to do with 
equilibrium arc capable of training in the adult is 
demonstrated by the achievements in reeducation of 
Franz (38), Maloney (98), and others. Reactor X 
shows a very slight perhaps negligible tendency to gain 
in eflicicncy in the second 5 of the blindfold series. 
Maloney, in his work with blind tabetics, attributes 
dominance hi bodily integration of movement to visual 
sensations and sensations of eye movement, Franz, 
while admitting the importance of visual and visuo- 
motor sensations for bringing about certain Important 
finer coordinations, docs not concede tliein the degree 
of preeminence ascribed by Maloney. Franz states, 
however, that the professional dancer and the acrobat 
can frequently continue their oceiijiations for a long 
period after tlic beginning of tahes {lorsnlis. This fact 
would seem to emphasize the extraordinary compen¬ 
satory power of eye reflexes since in labes the proprio¬ 
ceptive responses of the lower limbs are frequently 
much impaired. The present data, in so far as adults 
are concerned, tend to support the theory of a general 
dominance in e(]uilihration by the visual and visuo- 
iiiotor coordinations. 

Visual and visim-nintor dominance in the integrative 
pattern of e(|uililiraiion is not, however, so clearly ap¬ 
parent in children at the age tesicil. Fxploriitioii of 
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the implications here with reference to maturation 
brings out several interesting facts, Scaninion (47) 
finds that, judged by size and weight, the nervous sys¬ 
tem and its related structures exhibit an "initial phase 
of rapid growth followed by a slower terminal one, 
although the duration of these two periods may be 
very different. ... In all instances these structures 
have attained above two-thirds of their adult size by 
the close of early childhood. . . . This type of growth 
is characteristic of the brain as a whole, of all its 
various parts and the membranes covering it, of the 
spinal cord, of the eye as a whole and its several parts, 
of the several parts of the auditory mechanism and, in 
all probability, of the ocular muscles." Scainnion’s 
curve of neural growth shows approximately 20 per 
cent of the increment occurring between the ages of 
43^ years and 20 years. That the compensatory eye 
reflexes of children of this age are subject to a certain 
amount of training with reference to eye and hand co¬ 
ordination is evident from data of these same reactors 
in a controlled aiming test* used in another experi¬ 
ment (12). Comparative data of the rate and the 
final efficiency of learning of adults in the aiming test, 
since not related to the purpose for which that test 
was used, have not been secured, Such data appear 
to have importance, however, for the present discussion 
as to comparative educability of eye reflexes of chil¬ 
dren and of adults. It is possible that the greater 

■^Complete data of the controlled niniinj' test arc filed as a part 
of the author's Pli.D, dissertation in the library of The Johns 
Hopkins University. 
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immaturity of the visual and the eye-muscle reflex 
mechanisms in the child causes these to assume a smaller 
proportional part of the responsibility for integration 
of body movement in equilibrium. The apparent 
dominance of visuo-motor reflexes over the other re¬ 
ciprocal inllucnccs governing equilibrium in the adult 
may represent a proportional influence present only in 
the mature structures. In this connection investigation 
as to the rclationsliip existing between the contributing 
influences in the equilibration of the 8-year-old child 
may hold special interest. The 8-year-old boy, it will 
be remembered, gave evidence of an unusual gain in 
skill apparently associated with his age level, Al¬ 
though much additional work must be done for any 
conclusive results, data at hand from the balancing- 
board point to signifleant indications regarding differ¬ 
ential maturation of structural incclianisins influencing 
equilibration. 

G. I^YE Fixation 

In discussion of the control of visual cues, mention 
should be made of eye fixation. Although common 
experience shr)ws an increase in steadiness with fixa¬ 
tion, no attempt at such control was made in this pro¬ 
gram. Obvious difficulties arise as to the adequacy 
of a method of control suitable for use with children. 
Most of the reactors did build up more or less of a 
habit of watching some particular point. They usu¬ 
ally looked down at some moving part of the apparatus 
which liail a relation to the mid-axis. One difficulty 
in the use of the arrow scries existed in the child’s con- 
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flict between previous tendency to look down rind his 
desire to comply with the new requirement. The 
moving arrow evidently had some interest value to 
the child, However, that the habits of eye direction 
already formed had some real hold upon the children 
is probably shown by their remarks upon removal of 
the arrow at the end of the scries. Several statements 
such as "I like it better this way," and "It's easier this 
way” were volunteered. 

One child, D, the girl holding the best record of 
the children's group, may perhaps have formed a 
habit of fixation which was used frequently. Her 
face during work periods consistently took on a set 
sort of “unseeing” expression. This same appearance 
is noted time after time on her records, It may be 
interpreted to denote—if anything—any one or a com¬ 
bination of several conditions, namely, eye fixation, 
concentration of attention, or an "inward” attention to 
kinaesthetic cues. It is believed that this reactor, un¬ 
knowingly, of course, quite frequently employed fixa¬ 
tion to the advantage of her score. 

It now appears of advantage to screen all the moving 
parts of the apparatus which serve ns visual cues and 
also which disintegrate fixation. A small point of 
colored light could be arranged in connection with the 
nearest of the colored rods suggested for controlling 
visual cues or on a fused background without the rods. 
A definite perhaps revolving means of disturbance of 
fixation could also be devised which seems to have 
possibilities of possessing approximately the same 
value with regard to concentration of attention* 
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The height of any device for fixation or indeed for 
control of visual cues is shown to be highly important. 
An effort can be made to find a point sufficiently high 
to obviate any tendency to bend forward and yet low 
enough to place the edge of the balancing-board within 
peripheral vision. This lowering of the fixation point 
is probably advantageous even with die screening of 
the movable parts, though the devices used should leave 
the cliin free and the neck straight. 

Data with regard to control of visual cues during 
performance on the balancing-board may be sum¬ 
marized ns h)llows: 

Arrow Series 

1. The arrow series as a means of control of 
visual cues is accompanied by some tendency to in¬ 
creased rate of improvement. 

2. Hoys siiuw greater improvement dian girls in 
the arrow scries. 

3. No evidence is present to negate reference of 
increased gain during arrow series to educability of 
eye reflexes. 

Blint/folf/ Series 

1. Blindfolded reactors, both children and 
adults, show marked loss of efficiency in equilibration. 

2. Blindfolded boys of jnean age 4 years 9 
months sufl'er smaller proportionate loss of efficiency 
than blindfolded adults. 

3. When hlindfoldcd, young boys retain part of 
the increment mmlc in recent learning scries; blind¬ 
folded adults lose all this increment and siifTcr even 
further loss. 
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4. When blindfolded, adults show negligible 
superiority to young boys blindfolded, 

5. As judged by difference of blindfold average 
from poorest former averages, young boys show varia¬ 
tion in amount of decrement by blindfold. 

6. Data indicate greater proportionate emphasis, 
during learning, upon visual spatial coordinations by 
adults than by boys of mean age 4 years 9 months. 

7. Present data show no inconsistency with facts 
as thus far gleaned, of differential maturation, or of 
educability of structures concerned in reciprocal in¬ 
fluences governing equilibrium. 

8. Data emphasize need for evidence regarding 
control of eye fixation. 

FI . Retention of Skill in Equiliihiium 

Data of the short retention series given after an 
interval of months with no specific or similar 
practice are presented in Table 18. The observation 
of Hicks (57) with regard to structural maturation 
is also applicable on the subject of retention. The 
reactors had no practice on the balancing-board or in 
any complex skill resembling this during the time 
elapsed. However, the countless body movements of 
everyday life incessantly call into play all of the 
structures and mechanisms operative in the balancing- 
board test, Continued practice in all the elemental 
and even the more complex activities of static and pro¬ 
gressive equilibrium is recognized, even though the 
exact combination is not that required for proficiency 
on the balancing-board. 
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Reactors X and A are both seen to have exceeded 
their best grouped average in the practice series. The 
adult gain is a negligible .1 per cent. The 5-year-old, 
however, has gained 2 per cent in efRciency which 
again brings up the question of maturation. The 
poorest of A’s three retention trials is equalled or ex¬ 
ceeded only twice in his whole practice series, on trials 
37 and 39. He reverses a 5'pcr-cent left-side excess 
to a 2-per-cent right-side excess, 

Reactor X, the adult, shows the interesting phe¬ 
nomenon of almost 100-per-cent retention. The poor¬ 
est of his three retention trials was exceeded first in 
trial 14 of his practice series, again in trial 19 and 
thereafter in only 4 trials. His best retention trial was 
equalled or exceeded only three times in his 35 trials 
of practice, blindfold, and control. He retained the 
marked left-side excess seen in the latter part of the 
former series. 

The retention score of Reactor O, the 12-yefir-old 
girl, shows a loss of 1.2 per cent, though the averages 
of her practice scores were of necessity irregular and 
thus not comparable to the regular grouping by S's of 
the other reactors. She states quite enthusiastically 
that it seems easier and reiterates this. She shows a 
reversal to a right-side excess which may be moment¬ 
ary, existing only in the short series. In addition, on 
her twelfth birthday, several weeks following her last 
practice trial and approximately two months before 
the retention series, she had cast aside her flat tennis 
slippers and had begun wearing Cuban heels. Her 
loss of efficiency may be due to the disturbance thus 
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□ccflsioned in the anterior-posterior position of the 
center of gravity and thus in her postural reflexes. 

Results of tlic retention series given after an interval 
of 3^ months withinit practice are summarized as 
fallows; 

1. A 23-year-f)ld man retained newly acquired skill 
ill equilibrium after months to the extent of ap¬ 
proximately 100 per cent. 

2. A 5-year-old boy not only retained hts former 
skill in tola, but within the 3 retention trials registered 
an increment of 2 per cent as compared with former 
best efforts. 

3. A 12-year-old girl showed a loss of 1.2 per cent 
in retention. Change to Cuban heels during the in¬ 
terval clouds the issue. 

4. The 12-year-oltl girl reversed sidedness to right 
excess in retention, but data are iiisufllciciit to deter¬ 
mine whether momentary or significant, 

1. CONTUOL OF ATI'ENTION 

Variations in attention, even though slight or most 
transitory, appear to have an immediate and highly 
disastrous c/Tect upon performance on the balancing- 
board. No control of this factor was attempted. Ob¬ 
viously, hoiA^cver, tjic observation of the moving arrow 
exerted some control upon attention though intro¬ 
duced for other purposes. The effects of this are not 
separable in the records. 

On the basis of subjective judgment the following 
statements as to the concentration of attention by the 
reactors in this experiment can be made. The two 
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adult reactors and N and O appeared to give excellent 
attention throughout with relatively little deviation. 
M was SQitvcv/Uat disttactible and talkative. D, as 
previously mentioned, the best reactor of the group of 
young children, appeared definitely to give a t]uality 
of attention considerably superior to any other member 
of that group, B and also G are considered to have 
lowered their records somewhat by a type of distrac- 
tibility which showed itself in an occasional tendency 
toward playfulness. G was also inclined to be talkative. 
I, whose record is next to the lowest in the group shown 
in the table giving age difTcrendation, is ranked by 
observers on the playground as probably superior to 
all the other children in body equilibrium and feats of 
agility. Her relative disintegration with regard to 
attention is believed to account for her low rank in 
the test of equilibrium. 

The above observations reveal a need for develop¬ 
ment of suitable methods for control of attention. For 
the most dependable results a sound-proof room is 
probably desirable, Sound is believed to have a gen¬ 
erally disintegrating eflpect upon this activity. The 
roar of a truck on the road, the chirp of a cricket, 
thunder, rain, the chiming of the clock in the tower, 
all are sufficient to cause fluctuadon of attention and 
consequent simultaneous loss of equilibrium. From 
the present experimentation, attempts at control of at¬ 
tention by visual, perhaps lighting, effects are con¬ 
sidered to involve fewer conflicting factors. The 
complicadon of a method of this kind by influences of 
eye fixation and eye movement is to be kept in mind. 
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Fearing’s (.’^4) use of snuml ilisLractinn with conse¬ 
quent improvument in stiitic equilibrium is highly 
interesting. I'nr the biilaiicing-boaril test, the use of 
sound for ilistmetitm may have some value. Some 
slightly dilTuse visual pattern such as the tin cat used 
by l^rown^ for a difTerent purpose appears to have 
interesting possibilities especially because of the im¬ 
portance of visual rL■^le.\e^s in equilibration. The light¬ 
ing-up of the two eyes prevents complication by results 
of hxation. Tb.e cat is in itself interesting to children. 
The task of watching for anil perhaps counting the 
occurrence of the lighting-up of the cat’s eyes as 
arranged at Z (ir a irregular intervals in the ZQ-sccond 
work period Avould appear to offer a practical means 
of distraction to chihlreii of 4 i>r 5 years. 

/, QlJAI.rJ’ATIVK nil-l'KKK\CRS IN I'A'ITHRN 

OP RKAcnON 

Jiulividiial children, and adults also, e.vhibit marked 
qualitative ililTereiices in reaction pattern during 
activity on the halancing-board. 'Fhese di/Terences in 
characteristic movements and in variety of movements 
employed were recorded ilally on the record as ob- 
serveil, They are j^resented in picture form in Plate 
[, since the pictorial representation brings out the 
differences in a much more realistic manner than is 
possible l\v incrc word.s. 'Phe pictures arc enlargc- 
nienls niiulc from .s'tuily of a short nioving-iucturc (ilm 
taken of each child as well as of the lu’o adult reaemrs. 

''IJriiuii, AI, ^\^ I Ii'viiT ilrsi'iiln-tl in ('/lihf Di-j'rlof>iiii‘ii/. I'KII). 

1, 2(i(i. 
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Y 


X 


The mcihoii of seicctif)!! was uniform throiifrhout and 
hiiscd on effort to vslunv characteristic poses, as wide a 
variety of poses as possible and poses related to differ¬ 
ent positions of tlie bnlaiicini^-board with regard to 
left, right, and center. 'I'lie ^roiip presented of each 
reactor is believed to constitute a fair representation 
of the activity of that individual except in the case of 
the boy (i. lU-actor O apparently experienced such 
great pleasure at tlie thouglU of having his “picture 
laben" ibat be became bigldy seU-conscioiis. These 
cniotioniil concomitants .served somewhat to inhibit his 
freedom and amount of activity on the balancing-board. 

In (;r(ler not to nffccl the Jciirning scries, the pictures 
were taken at the completifin the program by each 
child. 'J'hey sliow the jiattei'n as developed after a 
considerable length of practice, at least 24 trials for 
every cliild but Reactor 1, who liad been available for 
only 22 trials, 'I'lirougliout die learning series there 
is- noliccable a jinigressive change in the pattern with 
\in incrcaMng smooibing'iml oi vbe eaidy extreme, 
criaiic, and cMianeous mii\x‘iiu‘nis as control is devel¬ 
oped. 'riiese piciiires are [licicfore to be considered 
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as represciitinir a somewhat advanced mode of reaction 
which has gone through a relatively great numher nf 
modilicatioiis and refincincius. 

The pictures are arranged in rank order on the basis 
of the 24 trial averages, the best reactor at the top. 

Reactor D^ at the head of the list, e.\hil)its tlic free¬ 
dom and variety of integrated controlled movement 
characteristic of the star performer. Her free arm 
swing, use of either arm, now forward, now back, now 
high, now low, and the extreme plasticity of Iilm- whole 
body movements arc all characteristic, 'khis wide 
variety of iinijihibitcd movements was picscnt from 
the beginning and seemed U) increase as her great 
activity brought out new useful cnmbinatintis. Wide 
fanning movements of the anus were noted from the 
beginning and toward the end of the series the right 
whole arm or forearm frequently made complete cir¬ 
cumferences. She, X, also a star performer, Y, and 
H were the only reactors who developed the complete 
circling, sometimes rapid, sometimes slow, of the right 
arm or a segment of it. D, Y, and X useil it more 
frequently, more effectively, and in a greater variety 
of combinations. H used it only with tlie whole nrni 
and that just before the last. 

Reactor X, the man, showed free and vuricil move¬ 
ment of arms and body from the first. It was because 
of this spontaneity and smooth control that at the be¬ 
ginning of their white-line scries each child was given 
the opportunity to watch this skilled reactor for 
minute. This privilege also probably hud motivation 
value, for the children were very fond of liim and 
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liked to play a game in which this man was interested. 
Some of the children did, without instruction, after¬ 
ward take on some greater variety of movement, B 
got the definite Idea from seeing X that "waving the 
arms” was part of the game. He started in enthusi¬ 
astically to wave his arms whether or not the move¬ 
ment bore relation to his adjustment on the balancing- 
board, Early results were amusing, but the increase 
in arm movement rather quickly found relationship to 
body balance and became a part of his general pattern. 
C, after seeing X, seemed to try definitely to use more 
arm and body movement. However, he soon lost this 
tendency and came back to his previous characteristics, 
showing a minimum of arm and body movement. 

G, for a reactor who attacked tlie task with boisterous 
and vigorous method, showed a surprising lack of 
variety in movement. One especially peculiar devel¬ 
opment became characteristic. His arms were held 
stiff at the elbow much of the time. This was particu¬ 
larly noticeable in the left and was accompanied by 
fingers held close together and stiff like a paddle. This 
stiff paddle then seemed to act something like a rudder. 
With the little-finger edge always toward the body, it 
was moved jerkily to right and left in front of him or 
backward and forward beside him while the right arm 
assisted in an almost horizontal position. His progress 
in learning was cliaractcrized by seeming dependence 
on certain "systems" operative for 4 or 5 trials perhaps. 
These usually were more concerned with combinations 
of movement of foot, ankle, aiul knee. One favorite 
was from a position down at left to make a quick jump 
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Up to equilibrium and attempt to hold it, This was 
frequently successful, but finally faded out. 

H shows movement in general similar to that of D, 
though she is considerably less active and more in¬ 
hibited as to both body and arm movement. She 
developed a peculiar habit of lifting the right toe from 
the board and standing on the right heel when bal¬ 
anced, Her left foot was more active than her right. 

A Was always careful and conservative in his move¬ 
ments. 

E and F both, even at this late stage in practice, 
show severe body contractions though with a consider¬ 
able variety of movement. The extreme effort notice¬ 
able in their pictures is much different from the smooth 
poise and control evidenced with D. E shows tension 
in widespread fingers; F shows it in tight clenched 
fists. By this stage, most of the children while using 
their hands freely have lost the extraneous movements 
of clutching and grimacing. These two poorer re¬ 
actors still show it in marked degree, F particularly 
using extreme contractions in a wide variety of com¬ 
binations. 

I is the only child who consistently preferred the 
wide stance with knees bent forward and slightly 
abducted and arms akimbo on hips. Her movements 
are free and unrestrained but considerably less in 
variety than those of D. They have throughout a 
ludicrous clownish appearance, much different from 
the smoothness, beauty, and grace exhibited by D and 
to some extent by H, Although I's movements are 
jerky, quick, and highly erratic, they give the appear- 



MOTOR LITAKNING IN EQUILIDRIUM 


219 


ance of relntion to body balance. The observer is in 
the position of always expecting bei to make an extra- 
ordintiry success which she never makes, 

Most of the reactors show a habitual slight bending- 
forward at the hips. This is believed to be more 
marked with Y anti with O. (Pictures of 0 are not 
shown,) Pronounced forward bending of the head 
is noticeable with several children and also with Y. 
It is believed to be associated with disadvantageous 
contractions rather than with freedom and control. 
The pronounced forward bending of the head with 
y is probably due in great part to her use of certain 
visual cues from the moving parts over the axis. It 
may, Jiowever, be due partially to the wearing of high 
heels. Her movements other than of the head were 
free, varied, and unusually smooth and well controlled. 
D is the only reactor, either child or adult, who shows 
freedom of head movement. 

From study of the qualitative differences in body 
movement, ns observed in these reactors, it is believed 
that increased activity tends perhaps to bring out a 
greater variety of combinations and so to tend toward 
greater skill in a way not solely related to speed of 
reaction. As is to be expected, extreme contractions 
accompany less skilful performance. Smooth move¬ 
ments apparently associated with less effort accompany 
control in equilibrium. Distal contractions and other 
extraneous movements are more noticeable in the less 
skilled pci formance. 
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K. RELIi^BlLlTY 

Since the small amount of data and the variations 
in the series render a reliability coefficient of question¬ 
able value, such a calculation is omitted, Table 19 


TABLE 19 

Rank. Order in Succnsaivn Gnoupmo op Series 


Hank 0 
Trials 

rder —^ 

Series 

1 

2 

3 

+ 

5 

6 

7 

8 


' 

II 

E 

A 

D 

D 

G 

F 

C 

1-2 

Practice 

.3li4 

.301 

.3 95 

.395 

.410 

.427 

.411 

.444 



D 

A 

G 

U 

C 

E 

11 

F 

5-7 

Practice 

,377 

.337 

.309 

,394 

.595 

.396 

.400 

.422 



D 

F 

G 

B 

H 

C 

A 

E 

fl-12 

Practice 

.368 

.373 

.377 

,379 

,384 

,306 

.391 

.407 



H 

Ci- 

D 

C 

B 

A 

F 

E 

1M7 

Practice 

.347 

,354 

.361 

.370 

.385 

.396 

.396 

.408 



D 

G 

B 

C 

r 

E 

II 

A 

1I-2Z 

While line 

,361 

.360 

.369 

.369 

.375 

.377 

.380 

.101 



C 

D 

E 

U 

A 

F 



23-27 

ArroTT + line 

.332 

.345 

.354 

,364 

,369 

.393 





A 

E 

D 

C 

B 

F 



23-32 

Arrow -J- line 

,332 

.333 

.335 

.347 

.366 

.403 





D 

A 

C 






33-37 

Control 

.326 

.332 

.315 








A 

U 

C 






30-40 

Elindiold 

.353 

.367 

.302 








B 

A 

C 






41 

Control 

.350 

.355 

.364 








TABLE 20 





3 

Rank Order in 

Successive Variations of 

Series 


Rank 










Trials 

Secies 

1 

2 

3 

4 

5 

6 

7 

a 



D 

H 

G 

13 

C 

A 

E 

F 

1-17 

Practice 

.372 

.375 

.300 

,390 

.391 

.392 

.401 

.406 



D 

G 

B 

C 

E 

F 

H 

A 

IB-22 

White line 

.361 

.360 

.369 

.369 

.377 

,378 

.380 

.361 



D 

E 

C 

A 

G 

H 

D 

F 

23-32 

Arrow + line 

.3‘tO 

.344 

.346 

.351 

.359 

.362 

.365 

.366 



B 

E* 

D* 

A 

C 

F* 



33-37 

Control 

,326 

,331 

.332 

,332 

.346 

.383 





A 

B 

C 






3B-44 

Blindfold 

.353 

,359 

.302 








B 

A 

C 






41 

Control 

.350 

.355 

,364 







•D, 4 trials I E, 3 trials; F, 2 trials, 
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shows the rank order of the reactors in successive seg¬ 
ments of the learning series. Though there are con¬ 
siderable variations, it is true, yet D is seen to hold to 
or near the top throughout. B and C vary around the 
center. A, F, and E for the most part take the lower 
places. Much the same general uniformity of rela¬ 
tionship is exhibited in the rank order of the variations 
in tlie series, as presented in Table 20, 

Zi. Rl'LATIONSniP OF Equilidration 
Scores to Other Data 

Obviously, the inclusion of correlation coefficiEnts 
on so small a number of cases is entirely purposeless. 
Table 21 gives the rank order of the eight reactors of 
the children’s group in equilibrium, nutrition, intelli¬ 
gence, and age. If any relationship exists between the 
performance on the balancing-board and either IQ or 
chronolugical age within this close range, it is not 
evident from the present data. The relationship of 
chronological age and ability in equilibrium is sug¬ 
gested by the data of Table 3, covering a wider range 
• of ages. In the same way, it is possible that tests of 
subjects showing a wide dillerentiation in intelligence 
might bring out a relationship there. 

However, even on the very narrow range of nutri¬ 
tional status, where every child is considered to be 
well ntnirisJied, there is some indication of a perhaps 
sliglit relation between the quality of iieiiroimisciilar 
learning as tested by the balancing-board and nutri¬ 
tion. 'rius suggestion is in line with the previous 
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hypothesis regarding the reactivity of muscle cells ex¬ 
hibiting the optimum chemical balance, 

One of the chief difficulties in any study which in¬ 
cludes a relationship with nutrition lies in the lack 
of practical objective methods for measuring nutri¬ 
tional status. The nutritional rating used here is the 
product of the composite judgments of an experienced 
pediatrist and the experimenter, The ratings were 
made at a date quite early in the experimental series 
and are not believed to be influenced by knowledge of 
its results since no indications were in evidence at that 
time. No records had been planimetered. Both pedi¬ 
atrist and experimenter had approximately two years' 
acquaintance with all but two of the children. The 
physician had carried the responsibility for their medi¬ 
cal supervision during this time and had conducted 
a complete physical examination of each child as well 
as observing them under a variety of conditions. The 
experimenter had weighed and measured all but two 
of the reactors in two successive years and had been 
closely associated with them. The nutritional rating 
is believed to be based upon careful and prolonged 
impersonal observation. At the same time, it cannot 
be said to represent a truly objective quantitative meas¬ 
urement. 

Animal experimentation at this time places nutri¬ 
tional differences on a basis of biochemical ratios. 
Plowever of necessity the methods of chemical analysis 
of blood and of tissue suitable in animal experimenta¬ 
tion are not adapted to use in human research. Other 
techniques of measurement, accurate and objective but 
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practical for human experimentation, are greatly 
needed. Dr, Max® has developed an induction-coil 
apparatus which gives promise of fllliiig this need. 
Such a device, capable of measuring in fine quantita¬ 
tive gradation the threshold of stimulability of certain 
muscle groups, offers some possibility of providing an 
advantageous approach to a seemingly impenetrable 
problem. Conclusive results in this field must wait 
upon the perfection of some similar means of exact 
quantitative measurement of neuromuscular efficiency. 

“Max, L, Laboratory development in 1920, not publislicd, 



V 

SUMMAHY 


This present investigation may be said to have 
raised questions rather than to have settled them. Its 
purpose has been largely exploratory in a field where 
with young children only meager work has previously 
been attempted. Though previously emphasized, it 
is reiterated here that these results from a limited num¬ 
ber of reactors are presented as tentative and indica¬ 
tive, not as conclusive in any way, Any ultimate im¬ 
portance rests upon confirmation necessitating a great 
amount of further investigation. 

A study has been made of motor learning in body 
balance in relation to nutrition. For this purpose a 
balancing-board has been used. An extended learn¬ 
ing program with specific stimulus variations has been 
carried on using ten children of mean age 4 years 8 
months. Five older reactors of different ages were 
given the series for purposes of comparison. 

From the data of the balancing-board test the fol¬ 
lowing indications of perhaps significant relationships 
appear: 

1, Between the ages of 4 years 8 months and 23 
years a slow, slightly irregular increase of skill in 
equilibrium, with perhaps a more rapid rise from 6 
to 8 years, is indicated. In 24 trials adults made a 
greater percentage gain than children of mean age 4 
years 8 months, 

2. No sex differences were shown among the chil- 

[225] 
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dren other than some evidence of greater variability 
among the girls and a slight tendency to greater gain 
by the boys with control of visual cues. Adult differ¬ 
ences favoring the male were inconclusive. 

3. Sidedness is indicated in a greater but variable 
efficiency of the right side of the body with cases of 
slight or marked individual reversal. The girls showed 
greater variation in sidedness than the boys though 
both showed individual differences as to method and 
preference in response pattern. Amount of sidediiess 
may show inverse relationship to skill in equilibration. 
A probable difference in fine control of descent on the 
two sides appears, Wide individual differences as to 
both amount and kind of effect of visual-spatial co¬ 
ordinations upon sidedness are evidenced, Sidedness 
may be found amenable to change through visual re¬ 
flexes. Adult habits of sidedness in equilibration, 
apparently new, may persist for three months without 
specific practice. 

4. Freedom of foot movement, use of individually 
preferred stance, and position equidistant from mid¬ 
axis appear desirable. Method of control of foot posi¬ 
tion in this study was somewhat inadequate. 

Equalization of motivation indicates need for a 
slightly easier balancing-device, especially for young 
children. 

6. Attempt at control of visual cues is accompanied 
by tendency to increased rate of improvement, though 
a moving device for such control has defects. The 
boys showed greater gain than the girls during the 
arrow series. Such gain may perhaps be referable to 
modifiability of visual spatial reflexes. 
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Although both showed marked loss, the blindfolded 
boys of mean age 4:9 suffered smaller proportionate 
loss of efficiency than the blindfolded adults. Blind¬ 
folded boys retained part of the increment gained in 
a recent learning series; blindfolded adults lost all this 
increment and suffered even further loss, 

Blindfolded boys equalled the skill of blindfolded 
adults, though boys showed individual variation in 
proportionate decrement by blindfold not shown by 
adults. Results suggest greater proportionate em¬ 
phasis upon visual spatial coordinations by adults than 
by boys of mean age 4:9 perhaps due to differential 
maturation or to relative educability of structures con¬ 
cerned in reciprocal influences governing equilibrium, 
Need for evidence as to eye fixation is indicated. 

7. One-hundred-per-cent retention after an interval 
of V /2 months was recorded by an adult and a ii-year- 
old boy, the latter in three trials making a 2-per-cent 
gain over former best efforts. After the same period, 
a 12-ycar-oId girl, who had changed to higher heels 
meantime, showed loss in efficiency and reversal of 
sidedness. 

8. Control of attention by extraordinarily careful 
elimination of distraction, particularly by sound, is 
indicated. Experimental control of attention by 
lighting effects appears fruitful. 

9. Individual qualitative differences in pattern of 
reaction were marked. Freedom of movement with 
increased activity appears to bring out a greater variety 
of combinations and thus to tend toward greater skill 
in n way not solely related to speed of reaction. In- 
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tegrated movement apparently associated with less 
effort tends to accompany control in equilibration. 
Extreme body and limb contractions, distal contrac¬ 
tions and other extraneous tensions appear more notice¬ 
able in less skilled performance. 

10. Data from an extended learning scries indicate 
a perhaps slight positive relationship to bodily nutri¬ 
tion, This fact may point toward a hypothesis that 
optimal neuromuscular learning is associated with 
optimal nutrition as affecting chemical balance of 
muscle cells and circulating fluids. 

From the data of the present experiment the bal¬ 
ancing-board is believed to show definite value for the 
study of: (1) age increase in ability in equilibration; 
(2) adult sex differences in equilibrium; (3) sided- 
ness; (4) influence of visuo-motor reflexes on equili¬ 
bration; (S) differential functions controlling equi¬ 
librium; (6) differential maturation of structures in¬ 
fluencing equilibrium; (7) retention; (8) attention; 
(9) functional efficiency of neuromuscular mechanisms 
as referable to optimum chemical balance of the struc¬ 
tures participating. 



VI 

SUGGESTIONS FOR FURTFIER STUDY 

Suggestions for further study include the following 
modifications: 

1. Improvement ol; the apparatus by mechanical 
summation of records and device for measuring force 
of descent on each side. 

Dr. Dunlap has now designed and built a second 
balancing-board wliich moves on ball bearings, is 
capable of correction to a fine point of balanccj and, by 
vertical adjustment of the board’s surface with refer¬ 
ence to die axis, can provide a close gradation of ease 
in performance. 

2. Control of visual cues by means of early reduc¬ 
tion and later training by stationary device. Inves¬ 
tigation of effects of eye fixation and of distraction by 
visual means. 

3. Inclusion of at least ten trials in work with any 
one variation. 

4. Pairing or other means of control of factors of 
chronological age, sc.x, intelligence, nutritional status, 
and socio-economic level. Holding of chronological 
age of children under six years to a. one, or not more 
than a two, months' range. 
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L'APPRENTISSAGE MOTEUR DES ENFAtJTS EN EQUILIBRE PAR 
RAPPORT A LA NUTRITION 

(H^BUine) 

En cmplol'aiU uiic planclie on a iait unc ^tudc cxploratrice 

de I'aiiprcnlissnKC malciir avcc £r|iiililire du cor|is pat- i-aii[iort ^ Jn iiutri- 
tioni On n Jiiivi uii (iruf^rammc dtendu d'apprcniissagc nvec dca variations 
([ca aliiiuili, cn cinployant dix cnfonia Agia cn mnycnnc dc 4 nns ct B motBi 
Pour unc coinpnrniion oi\ a fait subir la sfrie A ciiui aiijeis plus AgAa dc 
divers ages. On prdaente Ice rAsuUaia dc cc pelit noinbre dc sujeta comme 
Icntalifa ct Bciilcmcnt indlcatifsj non comme CDncluaifa, 

1. Entrc I'Agc dc 23 ona ct celui de 4- ana, 8 inola, un accrolaacmcnt 
lent ct un peu irrAgulicr dc In copacil^ dc tenir I'AQullibrc avcc peut-Stre 
un accroifiscmcnt plua rnpidc de 6 il 8 nns cst jndiquL Dans 24- iprcuvca 
Ics ndiilies onr gagnA plus dc pourcentage que Ica enfanta dc I'dgc moyen 
dc 4 ana, S moia, 

2. Lea difFircnccs dc aexe ont Ale n£gligcnblcs aauf qu'il y a eu de 
l'6vidcnco d'unc plus grande varinbilitA chez Ics lillea. 

3. La prAIArcncc dc cute cst indiqud par la plua grande cnpacitA, maia 
variable, du c£lt6 droit dii corps, Une diflArcnce probable du cantrole fin 
dc la dcsccjitc aur Ics deux culAa paralL Dcs diflArcnccs indivldiicjlcis 
quant A Ifl qufliilitA et ii In aorle dc I'cifct dea coordinations apatiaiea 
visiicllcs Biir In prAfArence de cStA sc montrent. La prcfAreiicc de cdtA 
pent sc changer au moycri dcs reflexes visuels. Les liabitiidca adultca de 
|irdf6rcncc dc cui^, iiouvelles, parait-il, peuvent peraister pcndnnt troia 
moia anna txercicc sp^cifiqne, 

4. L'csaai tie contrulcr lea repirca visucls cst accompagne d'unc tendance 
it unc plus granilc vitesse d'amClloratiaRj bienque le mouvement de I'ap- 
piircJl pour un tcl controlc a dcs imperfcctiaiia. On peut cxpliqiier un tcl 
progrAa pnr In inodifinbijiiA des reflexes spaliaux visiicla. 

Les gar^ons nux yciix ban(l6s ont souffert uiic plus petite perte propor- 
tionn^c de capacity qtie Ics adultea nux yeux bnndca. Les gnr^na aux 
yeux bandda ont retenu unc partie dc I'accraissement gagnd dnna I'apprcn- 
lissngc dcs series; Ics aduEtes nux yeux bnndds ont perdu Get acCrQissentent 
ct plua. 

Lcs gardens aux yeux bnndeg ont lea adultca aux yeux bandea 

cn liabllctd, cc qiii suggArc que Ica adiiltes appuient plus praportionn^ment 
siir Ica coordinations spatialcs viaucUes. Un besoin dc I'AvIdcncc sur la 
fixation des yeux cst indiquA, 

5. Unc rAtention dc cent pour cent apria I'intervnlle dc 3^ moia, a AtA 
cnrcglstrde par un adulte et un gar^on de 5 ana. 

€. Lea diflArcncca individucllcs qualitativea dang In forme dc la reaction 
ont dtd marquAca. 

7. Lea donnees dc la sdric ftentiue d''Dpprcntisaagc indiquent pciit-etre 
line ldg6rc relation positive A la nutrition du corps. Cette suggestion peut 
indlquer une liypothAsc que I'apprentissage neuromusculaire optimal est 
asaociA A la nutrition optimale dans I'influcnce sur I'iquilibre chimique dcs 
cclliiicB musculnircs ct lcs fliiidea circulama. 

D’aprA.s lea donnAea ei'dcaaus, la plonclie d’Aquillbrc paralt dc valciir 
pour I'Atlide dc I'Aquilibrc A I'Agard; (1) de I'accroisscinent dc I'habilctA 
fivcc I'nvniicenieiit tie I'Sffc, (2) des diflArences adultes de ssxe, (3) de la 
prdfdrcncc de ciitf, (4) de I'influcnce dea rdllexcg viauela-mtilciirai (5) dea 
fonctions di/PdrcnticllcR de controlc, (£) de (a maturntion difFdrciiticlle dcs 
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slrutlures qul influent, (7) de la x^ienllnn^ (8) dc ratrctilion. (9) dc I'effi- 
cltCLCa fonctionncllc du infcBniime neuiommcylaire par xnppori i I'ifiul* 
Ubre chimtiiue onilmum del iimciutca (lui y parlicipcnu 

BDaoB 


DAS LE.SNEM VOH KINDERN IM WmiCW CU.t*lCUGt. 
WICHTSURHALTUNG IN DEHEN UE-XIUIIUNO ZUH 
ERNAHHUNG 

(Refem) 

Die Ver/aascrin machte cine farichende Untefiuchung dca iiioiurJichcii 
Lernena Im Betelch drr GleichgewichUerhaUunK (AqiiilibrUruii{|g/nhiBVcii) 
[body balaocejj in daren Bezlehttng zum Brniihrun^zualitiid, iinter Ver- 
wendung elnea SchaiikelbreUei [balmcing board]. £i wnrde ein_ tvcil-* 
reichendea Lcrnprogrsmm, niit vanirendeo Reizen, an zehn Kinder/i 
ousgeFlibrtj deren durcViaeVinili^icbet Aiier 2 Monatc beliug. Zum 

Vergleich mocblen a\ich 5 Hliere Vetauchap&i&onen verzchiedenen Alters 
die Prllfungen dureb. Folgcnde, «n nur vicni|en Vpp. enniucUen UeCunilc 
v^eeden aU voililufigei nur wegweiienda, nicnl ali endgdltSge angegegen. 

(1) ZwiicKen Zi jahren und 4 Jahreii B Nioiinle >vird'eine largiame, 
etwas untegelmHaaige Zutiahme der Gevrnndlheii Iiei tier Glclcligewichlicr- 
haltung [akill in equilibrium], vUllcicht mlt einer eivrai rnschcren Zuiiohmc 
zwischen d und 9 Jahren, angedeulet. In ^4- Vcrsuchen er^vicRcn Ertvach- 
gene prozentmilasig grSsaere Zunohmen alJ Kinder itn Durchacliniiiaalier 4- 
Jahre B MoDateoi (2) GeachlecbOuitlerichlede tvnrcn iiii AllRemeineit iin- 
bedeutend; nur erwleaen gicb die MIdchen elwoi unbcalBndjyer, ala die 
Knaben. ( 2 ) Bevorzugung einer K&rperaeho [ildednegi] zclgle g'lch dnrin, 
dasa die rechte Selte gevvandler, Abei aucK variabel vrttf. Ea bcslebt 
vermutUcK eiu Untecachied zwlachen den beiden Seiien in Hciug auf die 
F«inlieU dec BeherrscKung d«a llerabKelgeni. Ea weeden Indlviduellc 
Ifnlerachiede erwiesen, in Bezug auf din Art und Wieviellieit dcr Eiii- 
vritkung vUueller ciiuinlicher Koocdinalionen euf die Bevorzugung einer 
Kdrperaeite. Diese Bevorzugung llaat aicli durch vlauellc Rellexc dndern. 
£ine Bch«inbar neu erworbene, erwachsene Bevatzugunga Gewahnhciianrr 
[adult habit of sidednegg] kann ohne apezifigche Einnbung drei Monnle 
lang Weller beslehcn. ^ (4) Der Verauen, viauelle Aiiwciaungen zu be- 
herrachen [control of visual ctiesl geht mlt dlwaa Begchleunigting der Lci- 
BlungBvtrbeaaferung cinber, obwohl der bewcBlIchen Einricbiung [device] 
zur Etzielung dieser Behertschung gewiaae Fehler innewohnen, Bine Bolchc 
Begchleunigung ist vielfeicht auf ModiBiicrbarkeit det viauelUtv r&uinlieben 
Reflexe [apatini reflexes] zuritckzufQbTcn. Knaben mit verbundenerv Avigeti 
bOaten refativ weniger an Gewandtheit ein, oIj Eevrachaene mil ebenlallj 
verbundetien Augen. Knaben ifiit vcibunfltnen Augen behicUen clnen 
Teil der in der Lernseries erzlelten Bcaserung. Dio UrwBchscnen mil 
verbundenen Augen blister dieae ZunaJime, und nocli mehr, cin- (5) 
Knaben mil verbundenen Augen atandeo in Jleziig aiif Gewandiheit Rr- 
wachacnen mlt verbundenen Au^en zur Sclic, llierdurcH wlrd aiif cine 
relative starkere Betonung der vhuellen rlumliclicn iCoordinaiioiicii tlurcli 
Erwachecive blngewiesen, Ea mangcU an Beiunden in Bezug nuf die 
AUEenfixlerung [tye fixation], die vlclleipht hiet ntilzllcb Bcln wvlnlcn. 
(6) Naclt MonaUn hatien n«ch ein Erwachacner und cln 5*Jllhrlgcn 
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Knabc d'e vollige ongccignelc Gewandlheit [100% retention]. Cs bestanden 
Starke qualitate Unterschicde zwiachen den individuellen Reaktlonsweiscn. 
Bcfunde aus ausgcdQhntcn Lernserien ivcisen vicllcicht auf cine geringe 
positive Qeziehung zu dcm kbrperlichen Erndhrungszustand hln. Durch 
diesc Hinweisung wird vicllcicht die Hypothesc angedeiitet, doss einc 
Beziehung bestchC zwiachen der optimalen neurologiachcn Lcrnftihigkcit und 
deni optimalen ErnUbrungazustand, in bo fern, als diesc Beziehung das 
chcmlache Gleichgewicht der Muskelzellcn und dcr zlrkulicrcndcn Fliisaig' 
keiten becinduBst, 

Auf Basle der vorhergehenden Belunde erweist slch das fichaukelbrett 
bel dcr Untersuchung dee Gfeichgewichta wertvoil in Bezug auf: (1) 
Zunahme der Gewandtheit mit zunehmendem Alter; (2) Geacjilcchtaiinter> 
Bchiede bel Erwachsenen; (3) Devorzugung elncr Korperseite; (4) Ein^ 
wirkung visuo-motorischer ReBexe; (S) differenzlerendc kontrolliercnde 
Funktlonen; (5) di/ferenzierende Reifungsgradc der eJnwirlcenden Struk- 
turen; (7) Beibchaltung [retention]; (S) Aufmerksomkclt; (9) funktionelle 
Leistungsfiihigkelt des neuromusktiliiren Mekanismiia in di^asen Beziehung 
zu dem optJmolei] chcmJschcn Gleichgewicht der teilnehmenden Strukturen. 

Bbede 



Joturml General Fisychology 

CARL MlfflcnUlBOH, VtafairMlQr 
KRtfA AiRRVi miMim'J V^nUjtj »*. ll«»di!fi» emtnMJtt fftOwrm 



_ ViOiwribtf 

*iArf** A. U MiBtoivianK 




























$7.nn per vnlume MONTHLY March, 1934- 

Single numbcri $ 2.00 Two voluniea per 7111 Volume XV, No. 3 

Genetic Psychology 
Monographs 

Child Behavior, Animal Behavior, 
and Comparative Psychology 


DISCRIMINATION LIMENS OF PATTERN 
AND SIZE IN THE GOLDFISH 
GARASSIVS AURATVS* 

From the /Iiiiinal Lcibaratory of the Department of Psycholoffy, 
Calwnbia University 

By 

Jean B. Rowley 


^Accepted for publication by C. J, Warden of the Editorial Board, 
and received in the Editorial Office, June 26, 1933. 


Worceater, MaaaacdiuaeUa 
Copyright, 193+, by Clark Univergity 
EDlered as seconil-clag: mnlter December 1, 1925, at the post-olBce at 
Worcester, Mask., under Act of March 3, 1879i 

r245J 





ACKNOWLEDGMENT 


The writer wishes to express her appreciation to 
Professor C. J. Warden of the Department of Psy¬ 
chology, Columbia University, under whose direction 
the experiments were carried on. 

Jean B. Rowley 

Vassar College 
P oUGHKEEFSIE, NeW YoRIC 


[ 247 ] 




CONTENTS 


Acknowledgment .... 

I. Introduction. 

11 . Experiment!: Pattern Discrimination 

III. Experiment II: Size Discrimination . 

IV. Summary and Concluslons 

References. 

Resume en fran^ais .... 
Referat auf deotsch 


247 

251 

257 

274 

297 

299 

301 

302 






I 

INTRODUCTION 

Limeas for visual discrimination of pattern and size 
have been found for very few species of animals. In 
most experiments inv;olving differential response to 
visual stimuli, the differences in the stimuli used are 
well above the limen for the subjects being tested. 
Results obtained from these studies do, however, give 
some information regarding the acuity of vision of the 
animals trained, and, in a few instances, indicate the 
limits of discriminative ability. 

The only attempt to establish visual limens for pri¬ 
mates is Johnson's (15) work with a Cebus monkey, 
tie used illuminated fields on which were striae of dif¬ 
ferent widths produced by two pairs of superimposed 
gratings. The monkey could distinguish differences in 
width of striae of less than 3%. The standard stimuli 
in the different tests varied from striae .173 mm, to 1,56 
mm. in width. By a similar method (16), it was found 
that the monkey could distinguish a striped field from 
a uniform field when the visual angle subtended by the 
individual striae was 57". These results are similar 
to those found for human beings. 

Under the same conditions a dog failed to discrim¬ 
inate between the two fields although the stripes were 
made nearly six times as wide (15). The dog could 
distinguish a circle 6 cm. in diameter from circles 1, 2, 
and 3 cm. in diameter when the intensity of the light 
transmitted through the pairs of circles was constant; 
but not from circles 4 cm. and 5 cm. in diameter. When 
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the circles were equated for brightness, discrimination 
between the 6-cm. and the 3-cin. circles broke down. 
In the experiments of Shenger-Krestovnikn (20) a dog 
was trained to discriminate between a circle and an el¬ 
lipse. By using a series of ellipses gradually approach¬ 
ing the circle in form it appeared from repeated tests 
that the limit of discrimination was reached when the 
ratios of the semi-axes were slightly more than 9:9. 

Little work has been done on visual limens in other 
mammals. Hadley's (8) experiments with guinea pigs 
showed their ability to discriminate between squares of 
different sizes. The least difference reported was be¬ 
tween a square 3 in. on a side and a square 1 in. on a side. 
Working with white rats, Lashley (18) found that they 
could discriminate between a circle 3 cm, in diameter 
and one 5 cm. in diameter, and between a square 1 cm. 
on a side and a square 12 cm. of a side, With one rat 
the discrimination continued when the circles were 
5 cm. and 4 cm. in diameter. 

Visual stimuli have been used extensively in the study 
of birds, although few attempts have been made to es¬ 
tablish limens. Revesz' (24) experiments with hens 
showed that they could detect a difference between a 
circle 9,5 cm, in diameter and one 8 cm, in diameter, 
between a square 6.3 cm, on a side and one 5 cm. on a 
side, between a triangle with a base 7.5 cm. and an al¬ 
titude 6,5 cm. and a triangle with a base 6 cm, and an 
altitude 5.3 cm., and between a parallelogram 4 x 8.5 
cm, and one 4 x 7,5 cm. More controlled experiments 
by Bingham (1) measured the smallest difference in 
size of circles that could be distinguished by chicks. 
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One chick, detected a difference between a 6-cm. circle 
and one 4.5 cm, in diameter. For seven other chicks 
the limen was slightly higher. Bingham concludes 
that the threshold for discrimination, using a 6-cm. cir¬ 
cle as standard, is a circle from 1/4 to 1/6 larger. Un¬ 
der the same conditions the limen for a human was a 
circle 1/12 larger than the standard. Johnson (15), 
using the method previously described (p. 251) for 
studying the effective difference in width of visible 
striae, found that a chick "ceased to discriminate when 
the difference in width of striae was reduced to a value 
between 38% and 42%.” The width of the standard 
striae in the tests varied from .74 mm. to 3.12 mm. 
When the problem was to distinguish a plain field from 
a striped field, the visual angle subtended by the small¬ 
est effective striae was 4' 04" for one chick, 4' 14" for an¬ 
other (16). According to this measure, the chick’s 
acuity of vision is not more than 1/4 that of the mon¬ 
key. In experiments with two crows, Coburn (6) re¬ 
ports that, after learning to go to the larger of two cir¬ 
cles (9 cm. in diameter and 2 cm. in diameter, respec¬ 
tively) , they continued to go to the larger stimulus when 
circles of different sizes were used. They learned to 
discriminate correctly between circles of 3 cm. and 2 
cm. diameters, 5 cm. and 4 cm., and 5 cm. and 4.S cm. 
The criterion for learning was 4 or 5 correct choices 
when 5 trials were given daily. Stimulus differences 
of ratio less than I :10 were not presented. 

The visual discrimination of turtles has been studied 
by Casteel (4). He found that when two turtles were 
presented with surfaces of alternating black and white 
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stripes they could distinguish between the fields when 
the stripes were 8 mm. wide on one surface and 2 mm, 
wide on the other. One turtle was able to discriminate 
when the stripes were 3 mm. wide and 2 mm. wide. 
This was the smallest dilTerciicc in width of stimuli 
used. 

Previous e-\periments on fishes have shown discrim¬ 
ination of visual stimuli by n number of species. Stim¬ 
uli differing in form, in brightness, or in size have been 
used. Goldsmith (7) trained specimens of Gobins and 
Gaslerosleas to discriminate between different forms, 
food being presented when the correct stimulus was 
chosen, She used triangular, rectangular, circular, 
star-shaped, and double-pointed figures. From the re¬ 
sults obtained, she concluded that form was a more im¬ 
portant factor than color in determining the reaction. 
Maes (19) reports that the stickleback and otlicr fishes 
can dissociate form and size cues from color. Schaller 
(2S) trained minnows to go for food to a stimulus of 
certain form. Discrimination between circles, stars, 
squares, and triangles was established. The discrim¬ 
ination .of brightness differences has been studied by 
Reeves (23) for dace and suniish; and by Perkins (21) 
for the goldfish. Reeves’ method was to vary the 
amount of light illutninating the stimulus plates by 
changing the size of the slits through which the light 
was admitted, She found that three dace could not 
distinguish differences in intensity of 1:4. Positive re¬ 
sults were obtained with greater brightness differences. 
Results with three siinfish showed that differences in in¬ 
tensity of 1 ;2 were the least that could be discriminated. 
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Perkins (21) presents evidence for configurational 
learning in the goldfish, based on differences in the in¬ 
tensity and position of the stimuli. Combinations of 
three lights of varying intensities were presented at each 
trial, The intensities, measured in foot candles, were 
10.55, 4.8, .73, .21, .018, and 0. With these differences 

the fishes “learned to choose one of three absolute light 
intensities and to transfer up and down the intensity 
scale without added training.” In experiments on vis¬ 
ual perception of size in fishes, Herter (11) has studied 
several species, Plis results showing the response to 
“similarity" or to “relative size" of stimuli give an in¬ 
dication of the small differences that can be perceived, 
After a training series in which the positive stimulus 
was a circle 3 cm. in diameter and the negative stimulus 
1 cm. in diameter, two fishes went to the larger figure in 
90% of the 60 trials given when the diameters of the 
stimuli were 4 cm. and 3 cm., 1 cm. and 0.5 cm., and 3 
cm. and 1.5 cm., respectively. Similarly, two fishes 
trained to the 1-cm. circle as positive stimulus went to 
the smaller circle in 94%. of the 60 trials given with the 
test stimuli just mentioned. These results indicate that 
the visual discrimination of size by these fishes is very 
good. As the problem was not primarily one of size 
perception, however, there are no data to show whether 
or not these differences between the stimulus pairs were 
near the threshold of discrimiiiadon, 

The present experiment was undertaken in an at¬ 
tempt to establish limens for visual perception of pat¬ 
tern and size in the goldfish. In studying the dis¬ 
crimination of pattern, fields of alternating equal black 
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and white stripes were used as stimuli. It was thought 
at first that an adaptation of Johnson's apparatus (14) 
could be used for presenting the striated areas, but the 
construction of the stimulus plates and holder pre¬ 
sented serious difficulties. Moreover, the striae pro¬ 
duced on the illuminated fields by this method are not 
distinct. They appear "fuzzy” at all values (14). 
For the purpose of this experiment more decided con¬ 
trast in the stripes seemed advisable, Consequently 
this technique was given up in favor of a modification 
of the method used by Casteel (4). Black stripes of 
the desired widths were painted with waterproof ink 
on white cardboard stimulus cards. These were pre¬ 
sented in pairs. In studying the discrimination of 
size, illuminated circles of different diameters were 
used as stimuli. These were produced by means of a 
light-box patterned after the Yerkes-Watson apparatus. 
The details of the method will be discussed in the 
following sections. Neither of these techniques had 
been previously applied to fishes. 



II 

EXPERIMENT I 
Paitern Discrimination 

The problem in this experiment was to find the 
smallest difference in pattern of visual stimuli that could 
be distinguished by the goldfish. The stimuli con¬ 
sisted of cards bearing black and white stripes of equal 
widths. The stripes on the two fields were of dif¬ 
ferent widths. 

• Sublets. The fishes used in this experiment were 
common goldfish, Garassiiis auratus, obtained from a 
local dealer, As subjects for experimental work this 
type of fish proved satisfactory, on the whole, and easy 
to handle. They were kept in a galvanized iron tank 
holding approximately 23 gallons of water. The tank 
was cleaned several times a week, and the water 
changed daily. To prevent fungus growth, the most 
common disease among goldfish, small amounts of com¬ 
mon salt and of Epsom salts were dissolved in the water 
occasionally. All the fishes remained in good health 
throughout the training periods, which varied from 29 
to 32 days. 

Great care was taken to avoid any jarring of the 
tank or any change of lighting during the experiment, 
as the fishes were extremely sensitive to disturbances of 
this kind. When a fish was frightened it remained 
practically motionless for periods as long as two hours, 
although no further external disturbance occurred. 
Work was begun with 10 fishes, but, because of their 
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almost complete inactivity, 4 were discarded after va¬ 
rious intervals as unfit for cx-periinental work, The 
others soon became used to the experimental conditions 
and moved freely and quickly about the tank and dis¬ 
crimination apparatus. Two fishes (No. 1 and No. 3) 
were trained to go to the card bearing the narrower 
stripes. For the remaining fishes (No. 2, No. 4, No. 5, 
and No, 6) the positive stimulus was the card bearing 
the wider stripes. 

FIGURE 1 

Diagram of the Living-Tank, Discrimination Apfaiiatus, 
and Liout-Box 



Apparatus, The discrimination box was placed at 
one end of the large tank which served as living-quar¬ 
ters. The type of apparatus used is shown in Figure 
1. The box was made of wood, and painted a medium 
shade of gray. The floor of the apparatus was ap¬ 
proximately 20 cm. above the bottom of the tank, and 
the walls of the apparatus extended 1 cm. above the 
surface of the water. The dimensions of the box were 
as follows; height of walls, 8 cm.; detention compart- 
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ment, 5 cm. x II 34 cm.; choice compartment, 9 cm. x 
11^ cm.; length of partition between stimuli, 10 cm.; 
width of alleys, S cm. The water in the apparatus was 
7 cm. deep. The doors which separated the various 
compartments were raised above the surface of the 
water when a fish was to be allowed to pass from one 
part of the box to another. These doors were manipu¬ 
lated by means of strings stretching across the top of the 
living-tank to the end nearest the experimenter. The 
experimenter was separated from the discrimination 
apparatus and tank by a screen of black cloth. Ob¬ 
servations were made through a small window cut in 
the screen. 

The room in which the experiment was conducted 
received light from a north window and a skylight. 
Two electric lights in the ceiling of the room were 
lighted during the tests. The illumination, measured 
by a Westinghouse Foot Candle Meter, was approxi¬ 
mately 20 foot candles. 

The stimuli were exposed at*? and S' (see Figure 1). 
They were made of heavy white cardboard, on which 
horizontal stripes were painted with black waterproof 
ink. Cards 5.5 cm. x 8 cm. were placed on the end 
wall of the apparatus, and smaller cards, 4.5 cm. x 8 
cm., were placed on the floor directly in front of the 
vertical stimuli. These smaller cards were held in 
position by pieces of metal which covered the backs 
and were bent about ^ in. over the edges of the cards. 
A great number of duplicate sets of stimuli were made, 
so that any one set was used not more than four or five 
times. The cards were changed during each day’s 
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tests to avoid possible sources of error due to differ¬ 
ences, other than width of stripes, in the stimuli. 

Procedure- To enter the discrimination box the 
fishes had to rise toward the top of the tank and swim 
through a door (7 cm. x 12 cm.) at one end of the ap¬ 
paratus. This door was kept closed at times ex¬ 
cept when a fish was being let in or out of the discrim¬ 
ination box. At first, the fishes were guided toward 
the door by means of a wire scoop; but after a short 
time the experimenter’s problem changed from that 
of guiding one fish in the direction of the door, to that 
of keeping all the fishes from going into the discrimina¬ 
tion box whenever the door was opened. This was 
accomplished by the use of wire screens so placed that 
only the fish to be experimented upon liad access to the 
door of the apparatus. A fish was detained in compart¬ 
ment A for approximately one minute before the door 
leading to the choice compartment was opened. As 
soon as a fish had passed into compartincnt B, the door 
of the detention compartment was closed again, A fish 
had then to go either to the left or right of tlie partition, 
and as soon as a choice was made door D' was closed 
to prevent return to compartnaent B. Alleys X and Y 
led back to the detention compartment. Doors and 
D'^ were closed as soon as a fish had passed these points. 

For two or three days preliminary to beginning train¬ 
ing, several fishes were put into the apparatus together 
for an hour at a time. All the doors in the discrimina¬ 
tion box were left open so that the fishes covdd swim 
freely from one part of the apparatus to another and 
food was placed at various points on the floor. After 
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having become familiar with the apparatus to this ex¬ 
tent, each fish was put into the discrimination box alone. 
The procedure in this case was the same as that to be 
used in the training, with the exceptions that no stim¬ 
ulus cards were used and that food was placed on the 
floor at the points where the reward was to be given 
during the experiment. The food consisted of pellets 
of French's Prepared Food for Fishes. The fish was 
kept in the apparatus until it had discovered and eaten 
the food. This took from 3 to 10 minutes on the first 
day, but thereafter not more than 5 seconds. In the 
whole experimental period there were only four or five 
instances in which the food was overlooked or not 
eaten. This preliminary procedure was repeated for 
three days with each fish. 

In the training series no punishment was given, but 
food was used as incentive. After a correct choice had 
been made and the door D® closed, the experimenter 
moved a levee af Chc side at the appumtus by which one 
pellet of food was dropped into the water at a point 
approximately 11 cm. to the side of the stimulus and 4 
cm, in front of the wall on which the cards were ex¬ 
posed. The pellets were of sufficient weight and were 
dropped from sufficient height to cause them to sink to 
the floor of the apparatus at once. 

Since reward alone was used, it was important to 
keep the hunger drive as constant as possible from day 
to day so that the incentive would be consistently effec¬ 
tive. For this reason the usual procedure of giving a 
certain number of trials daily, regardless of whether the 
responses are correct or incorrect, was not used. In 
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place of this, each clay’s training was continued until 
a certain number of correct choices had been made, thus 
making sure that a certain amount of food (reward) 
was received, 

Approximately 2 minutes were necessary for the ex¬ 
perimenter to adjust the apparatus and arrange the 
stimuli. The successive trials followed each other af¬ 
ter this interval. The right-left position of the stim¬ 
ulus cards was determined by chance, with the excep¬ 
tion that the positive stimulus was never presented on 
the same side more than four times in succession. At 
the beginning of the training period the day’s testing 
was continued with each fish until four correct choices 
had been made. This procedure was carried out for 
the first 80 trials. During this time the responses came 
to be made much more quickly than at the tDCginning of 
the experiment. In all the later training the number 
of correct choices required each day was increased to 
hvc. 

The habit of going always to the stimulus presenting 
the pattern of wider (or narrower) stripes was 
thoroughly established by training to the stimuli of 
greatest difference until 24- out of 25 correct successive 
responses were made. For discrimination between the 
other stimulus sets this amount of training was not con¬ 
sidered necessary. The criterion of learning in all 
other tests was 9 out of 10 successive correct responses. 

Results. The pairs of stimuli used in the training 
series in this experiment are shown in Table 1, Two 
fishes were trained to the stimulus pattern of nar¬ 
rower stripes; four fishes, to the pattern of wider stripes. 
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TABLE 1 

Showing the Stimulus Sets Used in the Training Series 
The wiilth of the stripes in each set is expressed in millimeters, 



A 

B 

C 

D 

Stimulus set 
E F 

G 


I 

J 

PoBiiivc stimulus 

2 

3 

5 

3 

n 

n 

10 

10 

10 

10 

Negative stimulus 

10 

10 

10 

7 

El 


2 

3 

5 

7 


TABLE 2 

Showing the Number of Fishes Learning to Discriminate 
Each Stimulus Difference 

TJie differences in widths of stripes arc expressed in millimeters. 





Dillercncc 

in 

width 

of stripes 




B 

7 

S 

4 

3 

2 

Number 

of Ushca trained 

6 

4 

6 

1 

4 

1 

Number 

of fishes learuing 

6 

4 

4 

1 

1 

1 


The differences in stimulus patterns that were discrim¬ 
inated after training appear i/i Table 2, with the num¬ 
ber of fishes learning each discrimination. Table 3 
shows the progress of Jenrning during the training with 
the various widths of patterns. The percentage of 
correct responses in each series of 20 trials is given, 
The number of errors, even at the beginning of the 
training, was small in every case. Twenty trials in¬ 
clude data from not more than S days’ testing; and, for 
the latter part of the training, for only 4 days' testing. 
With a choice between two stimuli in each trial, and 
only 4, or at most 5, choices daily, the number of errors 
even in a series of random responses would naturally 
not be large. The fact that no punishment was given 
in connection with incorrect choices is probably re¬ 
sponsible for the relatively slow dropping-out of er- 
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TABLE J 

Showing the Pbrcentagb of Corhect Choices for Each Fish 
TER 10 Trials 


The trial at wliich cacli stimulus set was intiocluccd in the training 
scries is indicated by the /lumber in parcntlicsis, 
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Stimulus sei 
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z 
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Pish No. 2 
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iq 

in 

3 
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•a 

ui 

m 
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a 

z 

is 
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40 

A 
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G 
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70 
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rors. The daily records for each fish show a fairly 
even distribution of errors among the four or five trials 
given. A comparison of the records according to the 
order in which the fishes were tested each day shows no 
significant difference in the number of errors made by 



discrimination limens in the goldfish 


265 


those whose trials came at the beginning and those 
whose trials came at the end of the day's testing. Any 
traces of food resulting from the dropping of the pel¬ 
lets into the water were obviously too slight to act as 
cues for subsequent responses. 


TABLE 4 

SI•IO^VING THE NuMIIER OF ERRORS FOR RlGHT AND LefT POSITION 

OF THE Positive Stimulus 


Trials 

Positive 

stimulus 

Correct 
responses 2 

Errors 

Correct ^ 
responses e 

Errors 

No. 

fi ” 
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U M 

Errors “ „ 

Correct 
responses p 
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Correct 
responses q 

5 

(A 

0 

Ih 

u 
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17 
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19 
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20 
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11 

14 

IS 

7 

12 

12 

20 

4 

Iff 

7 
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19 

fi 

17 

S 

20 

3 

17 

6 

23 

6 

21 

4 


Left 

20 

3 

23 

5 

2S 

2 

23 

4 

19 

2 

23 

2 

lOMSO 
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23 

4 

22 

2 

27 

1 

20 

5 

15 

11 

15 

7 


Left 

20 

3 

24 

2 

19 

3 

22 

3 

la 

6 

19 

9 

151-200 

Right 

5 

2 

13 

7 

S 

1 

a 

4 

s 

3 

0 
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Left 

s 

9 

U 

8 

6 

0 

s 

7 

4 

5 

0 

1 
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Right 


22 

65 

26 

68 

14 

62 

24 

62 

27 

55 

22 


Left 

6a 

20 

74 

29 

68 

12 

65 

26 

61 

17 

5a 

19 


The distribution of errors according to the right-left 
position of the positive stimulus is shown in Table 4. 
No persistent place habits appeared during the course 
of the experiment. The record of fish No, 5 shows 
a considerably greater number of incorrect choices 
when the positive stimulus was on the right side. In 
the other five cases, however, the difference in number 
of errors for the two positions of the positive stimulus 
is very sliirht. 
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TABLE 5 

Showing the Numbcr of Trials UnQujRBD to Esta 
Discrimination with Each Stimulus Set 


The differences in width at stripes arc expressed in millimcEe: 
Indicates failure to learn in the number of trials given, 
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The number of trials 'required before perfect 
crimination with each of the stimulus sets is sho'v 
Table 5. All of the fishes trained with the stin 
sets differing- by 8 mm. in width of stripes Jearne 
discrimination. The number of trials required b 
satisfying the criterion of 24 out of 25 successiye cc 
responses ranged from 60 to 97. The average nu 
of trials before perfect discrimination, was 77, r 
senting roughly 13 days* training, The two 
trained to the pattern of narrower stripes require 
proximately the same number of trials to learn a 
the four fishes trained to the pattern of wider st 
One of the two learned in 10 fewer trials than tli 
erage for the other group; one learned in 9 more 
than this average. 

Perfect discrimination continued in all cases 
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the difference in width of stripe on the two fields was 
reduced from 8 mm, to 7 mm. A further reduction to 
a difference of ^ mm. caused errors in 4 of the 6 cases. 
Two of the fishes that were at first disturbed by this 
change of stimuli learned the discrimination after 
further training. One fish (No. 5) showed no in¬ 
crease in number of correct responses in 62 trials; an¬ 
other fish (No. 4) gave no evidence of learning in 51 
trials. 

Of the 4 fishes tested with stimuli of smaller dif¬ 
ferences in pattern, only one learned the discrimination. 
The record of this fish (No, 3) is exceptional. 
Throughout the experiment it proved to be the most 
satisfactory subject. It required no additional train¬ 
ing to establish discrimination when the stimulus sets 
B, C, and D were introduced. After making 2 errors 
in the first 10 trials with set E (a difference of 3 mm. in 
width of stripes), 10 correct responses were made. 
Similarly, after 1 error with stimulus set F (a differ¬ 
ence of 2 mm. in width of stripes), 9 out of 10 correct 
responses were made. After every two trials with these 
stimulus sets new stimulus cards were introduced in or¬ 
der to eliminate the possibility of secondary cues. From 
the results it appeared that the discrimination was not 
based on any difference of this kind in the stimuli, but 
on the difference in the patterns of the two fields. 

The average time for choice (until the fish had gone 
sufficiently far on one side of the partition to allow door 
D to be closed) is shown in Table 6, The average 
choice time for all trials was 18.7 seconds. A compari¬ 
son between the average time taken in the first SO trials 
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and the average time taken in the latter part of the 
training shows a very decided speeding-up of the re¬ 
action (see Table 7). This is also apparent in the time 

TABLE 7 

SlTO'WINC THE AvEHAOE TimE IN SECONDS FOR CllOICE FOR EaCH 
Fish pur 50 Trials and the Average Time for All Responses, 
FOR Correct Responses and for Errors 


Trials 

No, 1 

No. 2 

No. 3 

Fish 

No. 4 

Nd. S 

No. 6 

I- 50 

35.+ 

48.R 

33.7 

14.6 

+6.0 

94.7 

51-100 

+,9 

1+.3 

1Z.4 

3.9 

15.0 

7.8 

i0M50 

2.9 

10.0 

11.0 

2.7 

6.7 

4.5 

151-200 

Z.+ 

3.7 

5.2 

5.B 

4.9 

2.7 

Total, nv. 

12.8 

19.7 

19.0 

6.9 

20.B 

34.B 

Correct, ov. 

U.7 

17.0 

15.5 

6.5 

20.2 

29.3 

Errors, av. 

S.8 

27.0 

39.4 

7.9 

23.2 

59.6 


for total response (from entrance into compartment i3 
to return to compartment^). The average time for 
the first SO trials for all the fishes was 211 seconds. The 
average time for the last SO trials was 43 seconds. 

When the difference in width of stripes of the stim¬ 
ulus cards was reduced to 7 min. there was no increase 
in the amount of time taken before making a choice. A 
further decrease to a S-min. difference did not affect the 
discrimination time. But the introduction of the stim¬ 
ulus sets with smaller differences between the patterns 
increased the discrimination time in every case for the 
trials immediately following the change in stimuli. 

If the time for correct responses is compared with 
the time for incorrect responses, it appears that in 5 of 
the 6 cases the average time for correct cJioiccs was 
shorter than the average time for errors (sec Table 7). 
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In the record of fish No, 3 there arc 88 chances in 100 
that the difference represents a true difference; but ia 
no case Is the difference between the averages statistical¬ 
ly reliable as measured by the standard error of the dif¬ 
ference. In those trials in which n fish was '‘inatten¬ 
tive/' i. e., failed to look at the stimulus cards, it first 
swam about in the compartment B for some time, then 
out on either side of the partition. Under these cir¬ 
cumstances, of course, the "discrimination” time was 
long, and the chances that the response would be a cor¬ 
rect one were 50-50. On the other hand, when the fish 
"attended” to the stimulus, i. e., looked at it, it reacted 
quickly; and these responses were more often right than 
wrong. The average time, then, for all correct re¬ 
sponses would tend to be less than the average time for 
errors. The total reaction-time does not show this dif¬ 
ference in speed between correct and incorrect re¬ 
sponses. In 3 cases the latter was the slower response; 
in 2 cases it was quicker; and in one case there was no 
difference between the two types of reaction. The av¬ 
erage time for total response after correct choice was 
73,7 seconds; after errors, 82.5 seconds. These results 
may be explained by the fact that some of the fishes 
making correct choices, after finding the food, re¬ 
mained in the same spot to eat it before returning to 
the detention compartment, making the total time long. 
On the other hand, some fishes that made wrong 
choices swam back and forth near the point at which 
food was dropped when reward was given, and thus 
delayed their return to compartment A, 

In some trials the response seemed to the experiment- 
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er to show an unusual amount of hesitation. The fish 
would start swimming rather rapidly toward one stimu¬ 
lus, stop, appear to look at it carefully, and then pro¬ 
ceed ; or the fish would swim back and forth several 
times in front of the stimuli before making a choice. 
These appeared to be not merely random movements, 
but directly related to the discriminative response. In 
the daily records note was made of the number of re¬ 
sponses showing this hesitation. The number varied 
greatly with the individual fishes. They were, on the 
average, IS seconds longer than the average for all 
choices, and were distributed fairly evenly throughout 
the trials with each pair of stimuli. In every case, as 
is shown in Table 8, more of these responses after hesi- 


TABLE 8 

Showing the Percentage of Correci* and Incorrect Choices 
AFTER Hesitation 



No. 1 

No. 2 

Fish 

No. 3 No, 4 

No, 5 

No, 6 

Total trials 

174- 

194 

162 

177 

167 

154 

of trials 

showing hcsitaiion 

e.9 

10.3 

25.3 

1.6 

20.9 

lfi.2 

% incorrect 
after hesitation 

S.O 

1S.0 

12.0 

33.0 

25.0 

4.0 

% incorrect 
without hesitation 

19.0 

29.0 

16.0 

2S,0 

17.0 

20.0 


tation were correct than were incorrect. Comparing 
the ratio of correct to incorrect responses in the trials 
showing hesitation to the ratio of correct to incorrect 
responses in trials without hesitation, it appears that for 
4 of the 6 fishes the proportion of errors is less in the 
trials with hesitation. This does not contradict the 
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previous statement that correct choices were, on the 
average, faster responses tlian those in which errors 
were made. Among the slow reactions were many that 
did not fall into this group that seemed to the experi¬ 
menter to show hesitation, the delay in these cases being 
due merely to the Rsli’s prolonged and random swim¬ 
ming about in compartment Bj without reference to 
choice of stimuli. The fishes showing the greatest num¬ 
ber of responses with hesitation were also those having 
the highest average time for correct response. 

The results of the experiment show that the goldfish 
can be trained to discriminate between patterns of vary¬ 
ing widths of stripes. The differences perceived were 
similar to those discriminated by turtles in Casteel’s 
(4) experiments in which stimulus patterns of the same 
type were used, A difference of 8 mm. in width of 
stripes was discriminated by 6 fishes. A dilference of 
5 mm. was discriminated by 4 fishes. One fish chose 
the pattern of narrower stripes when the difference in 
width was only 2 mm. These results indicate a high 
degree of visual acuity. To obtain a more exact 
measure of the limits of discriminative ability, certain 
modifications in the stimuli seemed advisable. In place 
of the fields of black and white stripes, uniform fields 
which could be varied in size and in brightness were 
used as stimuli. The limens for discrimination under 
these conditions were tested in Experiment II. 

Before bringing the first experiment to a close, each 
fish was given 15 trials (3 days' training) with the stim¬ 
ulus pair used in the original training, The difference 
in width of stripes was 8 mm. The tests were then dis- 
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continued for 30 days. At the end of this time a retest 
was given, using the same stimulus pairs, and rewarding 
all responses. In 4 cases the discrimination was made 
perfectly in the first 10 trialsj La one case 1 trial, and in 
another case 4 trials were required before satisfying the 
criterion of 9 out of 10 correct responses. These re¬ 
sults indicate a high degree of retention of the discrim¬ 
ination habit established during the training period. 



in 

EXPERIMENT 11 
Size Discrimination 

The problem in this experiment was to find the small¬ 
est difference in size of visual stimuli that could be dis¬ 
criminated by the goldfish. The stimuli consisted of 
circles of different area and of variable brightness 
values. 

Subjects. Thirteen fishes were used in this experi¬ 
ment, Training was begun with one other fish, but 
it proved too inactive for experimental work. With 
three exceptions the fish remained in good health 
throughout the training periods, which varied from 
50 to 115 days. One fish became sick after three 
months' training and had to be discarded. Two fishes 
died before the experiment was completed, one after 
P/i months' training, one after 4 months’. 

Apparatus. The discrimination box was similar in 
plan to that used in Experiment I (see Figure 1), but 
all compartments and alleys were made larger in order 
to adapt them better to the swimming movements of the 
fishes. The dimensions of the apparatus in this experi¬ 
ment were as follows: height of walls, 14 cm,; detention 
compartment, 14 cm. x 17 cm.; choice compartment, 15 
cm. X 17}4 cm.; length of partition between stimu¬ 
lus plates, 7 cm.; width of alleys, 7 cm. The watcr 
in the apparatus was 12 cm, deep. The length of 
the partition between the stimuli was decreased so 
that the choice could be made at a shorter distance from 


[ 274 ] 
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the circles. la this experiment, however, as in the pre¬ 
ceding one, the fishes apparently made the discrimina¬ 
tion at a distance of about 12 cm. from the stimuli. 
The doors in this apparatus, instead of being raised 
above the surface of the water to permit free passage 
(as in Experiment I), were dropped through slits in 
the floor of the box, eliminating shadows in the part of 
the apparatus into which the fish was to move. 

A section of plate glass was put into the end of the 
tank against which the discrimination box was placed, 
permitting the presentation of stimuli from outside the 
tank, A light-box, 1 meter long, 7 cm. high, and IS 
cm. wide, was fitted into a wooden frame at this end of 
the tank (see Figure I). The only light which came 
into the discrimination apparatus at this end was that 
which came through the opal flashed glass front of the 
light-box. This box was divided lengthwise into two 
parts, in each of which was a 2S-watt frosted Mazda 
lamp. The position of the lamps could be varied 
from 5 to 95 cm. from the stimulus plates. The lamps 
used in this part of the apparatus were changed from 
time to time throughout the experiment. 

The stimulus plates were made of brass. In each 
plate were cut three holes, the center hole being of the 
size of the positive stimulus to be used in the training. 
The other two holes were of equal size, either smaller 
or larger than the standard. These plates, placed at 
the end of the liglit-box, exposed through the plate 
glass end of the discrimination box lighted areas of 
opal flashed glass. The holes in the stimulus plates 
were spaced in such a way that when the plate was in 
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position only two lighted areas could be seen, the holes 
being centered in front of the two divisions of the 
light-box. By pushing the plate to the left or right 
the position of the standard stimulus could be changed 
from left to right, and at the same time a second circle 
was exposed on the other side of the partition which 
divided the stimulus areas. The distance between the 
centers of the circles dius presented was 7 cm. 

During the experiment the whole apparatus was en¬ 
closed in black screening, extending approximately 80 
cm. above the top of the tank, The screening was 
put into place an hour before the testing was to be¬ 
gin, and removed when the testing for the day was 
over. From the roof of this covering, directly over 
the center of the discrimination box and 80 cm. from 
the top of the tank, hung a 25-watt frosted Mazda 
lamp. This was lighted whenever the screening was 
in use. Observations were made through an opening 
in the screening at the end of the tank farthest from 
the stimuli. 

Procedure. The fishes were divided into two 
groups. The 6 fishes in Group 1 (Nos, 1, 2, 3, 4, 5, 
and 6) were trained to go to the smaller circle. The 
7 fishes in Group 2 (Nos. 7, 8, 9, 10, 11, 12, and 13) 
were trained to go to the larger circle, For each 
group, after a preliminary training with circles 2 cm. 
in diameter, the positive stimulus was 3 cm. in di¬ 
ameter. 

For 3 fishes in Group 1 (Nos. 1, 2, and 3), and for 
3 fishes in Group 2 (Nos. 7, 8, and 9), the daily pro¬ 
cedure was the same as that described in Experiment 
I. For the other fishes in both groups the same num- 
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ber of trials was given daily, but, instead of having the 
trials in quick succession (approximately two min¬ 
utes apart), the fishes were returned to the living-tank 
after each correct choice. The next trial was given 
after an interval of approximately 7 minutes. 

The number of correct choices required in each 
day's test for the first 80 trials was three. After this 
amount of practice, the number was increased to four. 
This procedure was continued for the next 120 trialSj 
but, on account of the amount of time required for this 
method, the number was again changed to three cor¬ 
rect choices daily. This number was used in all 
subsequent testing. 

The easiest discrimination was considered learned 
when the fish made 24 correct choices out of 25 re¬ 
sponses. When this criterion had been satisfied the 
difference between the circles was reduced. For the 
remaining stimulus pairs used in training, 12 suc¬ 
cessive correct choices (i- e., 3 or 4 days' testing with¬ 
out error) were taken as showing that the discrimina¬ 
tion had been learned. 

The position of the lights in the light-box during 
the training was 10 cm. from the stimulus plates. Af¬ 
ter the 5-cm, difference in diameters of circles had been 
discriminated correctly with the lights in this position, 
both lights were moved back to 20 cm. and further 
tests were made with the same stimulus difference. In 
subsequent tests with smaller stimulus differences both 
lights were kept in the 10-cm. position until the crit¬ 
erion for learning had been satisfied. Control tests 
were then given. In these tests the position of the 
lights was varied from trial to trial, one being nearer 
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the stimulus phtes than the other. The positions of 
the lights during these tests ranged Irom S to 40 cm, 
from the stimuli. In half the tests the smaller circle 
was made brighter than the larger circle, the degree 
of brightness varying from trial to trial. Tliese tests 
were continued until the fish had learned to discrim¬ 
inate the stimuli on the basis of size alone, regardless 
of the absolute or relative quantity of photic stimula¬ 
tion. 

Results. The stimulus sets used in the training 
series are shown in Table 9. Six fishes were trained to 
go to the smaller circle; 7 fishes were trained to go to 
the larger circle. The differences in the size of the 
circles discriminated and the number of fishes learning 
each discrimination are shown in Table 10, In Table 
II the progress of learning during the entire training 
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Showing thu Stimulus Sets Used tn thu Training Series 
The (linmetcrs of the circles in ench set arc o^iircssccl in centimeters. 
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period is shown by the percentage of correct responses 
made by each fish in each EO trials. As in Experiment 
I, the number of errors, even at the beginning of the 
training, was small, In this experiment the daily pro¬ 
cedure was to give only as many trials as were re¬ 
quired for making 3 or + correct responses, as de¬ 
scribed under the previous discussion of method, The 
learning would undoubtedly have been faster if, in 
addition to the rewarding of correct responses, some 
form of punishment had been given in connection with 
the incorrect choices. The number of errors in the 
first of the daily trials is slightly larger than the num¬ 
ber of errors in the later trials of the day for 8 of the 
13 fishes. This difference may be explained by the 
fact that the transfer from the living-tank to the dis¬ 
crimination apparatus caused some slight disturbance 
which would affect the behavior in the first trials but 
would wear off as the fish remained longer in the dis- 
wwTjWlion tox. A. tOTnp?iT«OTi oi tVic 
of errors throughout the daily trials of the group hav¬ 
ing trials in quick succession and the group having an 
interval of seven minutes between each two trials shows 
that for the latter the errors are more evenly distributed 
throughout the 3 or 4 trials of each day, In this case 
the disturbance caused by the transfer from the tank 
to the experimental apparatus was approximately equal 
for each trial. There was no opportunity for the adap¬ 
tation to the new conditions that was apparent in the 
other group. The fishes that were experimented on 
first in the daily testing showed no more errors than 
those that were tested later in the group. There ap- 
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peared to be no accumulation of traces of food to act 
as cues in the later trials. 

The distribution of errors according to the right- 
left position of the positive stimulus is shown in Table 
12, In two cases (fishes No. 2 and No. 8) the number 
of errors when the positive stimulus was on the right 
was considerably larger than the number of errors 
when the positive stimulus was on the left. In two 
cases (fishes No. 9 and No. 10) the reverse was true. 
The records of the other 9 fishes show no evidence of 
preference for either position of the stimulus. 

The number of trials required to establish discrim¬ 
ination with each of the stimulus sets used is given in 
Table 13, In those cases where training with a par¬ 
ticular stimulus pair was repeated after training with 
some other pair the results of the separate training 
periods are given. Twelve of the 13 fishes learned to 
discriminate the two circles differing by 2 cm, in di¬ 
ameter. One failed to make 24 out of 25 correct re¬ 
sponses to this stimulus difference during 197 trials. 
The number of trials before learning the easiest dis¬ 
crimination varied from SO to 127 trials. The average 
for all the fishes was 79 trials, representing approxi¬ 
mately 19 days' training. The fishes trained to the 
larger stimulus learned the discrimination in fewer 
trials (average, 63.8; range, SO-99) than those learn¬ 
ing to go to the smaller circle (average, 91; range, 55- 
127). In two cases the number of trials for learning 
to go to the larger stimulus was greater than the aver¬ 
age for the group learning to go to the smaller cir¬ 
cle; in five cases it was less. In five cases the mini- 
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ber of trials required for learaing to go to the smaller 
circle was greater than the average for the group 
learning to go to the larger circle^ in one case it was 
less. 

A comparison of the results of the fishes that were 
given trials in iinmcTliute snctcssion with those thTit 
were allowed an interval between trials shows some 
difference in speed of learning. The latter group 
learned the easiest discrimination in fewer trials, the 
average number of trials being 71.5 as compared with 
83.3 trials for those having intervals between tests. 
Only one of the group having intervals required more 
trials than the average number taken by the other 
group, whereas five required fewer trials. Four of the 
group trained in successive trials required more trials 
than the average number taken by the group having 
intervals between trials; two required fewer trials. 

There was considerable irregularity in the effect on 
discrimination of changing the stimulus pairs. In 10 
out of 12 cases the change from a difference of 2 cm. in 
the diameters of the circles to a difference of I cm. 
caused errors to be made. In 7 cases out of 12 the 
change from a difference of 1 cm. to a difference of 0.5 
cm. in the diameters of the circles caused errors. In 
none of these instances was the number of trials neces¬ 
sary to establish perfect discrimination with these stim¬ 
ulus sets as great as it had been for the original stimu¬ 
lus pairs. When the stimulus difference was reduced 
to 0.3 cm., errors in discrimination were made by 8 of 
the 9 fishes tested. All these fishes learned the dis¬ 
crimination after further training, the number of trials 
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required ranging from 2 to 27. There was a general 
breaking-down of the discrimination habit when the 
difference in diameters of circles was reduced to 0.2 
cm. There were two exceptions to this, One fish 
(No. 2) made 12 successive correct choices after 17 
trialsj but later failed with this discrimination in 23 
tests, One fish (No. 3) failed in 35 trials, but, after 
being tested again with a stimulus pair of greater dif¬ 
ference, discriminated perfectly between the circles 
differing by 0.2 cm. in diameter when further training- 
was given. Repeated testing with the other 6 fishes 
failed to show any evidence of learning to discriminate 
this diffei'cnce in the size of the two stimuli. 

When the discrimination of stimuli differing 0.5 cm. 
in diameter had been learned, a series of control tests 
was made, The stimulus sets used in these tests are giv¬ 
en in Table 14. The position of both lights was changed 

TAHLK 14 

Showing tiu? Stimulus Sht.s Used in the Control Tests 
The diamctcr.s of the circles in each set arc expressed in centimeters. 

TJic distance tjf the lljjlits irojji the stiiiiuhis plates 
is also indicated. 
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from 10 cm. to 20 cm. from the stimulus plates, and fur¬ 
ther trials were given. Five fishes made no errors, or 
errors on only the first day of these tests, Six fishes re¬ 
quired several trials befi>rc making perfect cliscrimina- 
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tion under these conditions. One fish failed in 49 trials. 
The number of trials required for learning with this 
change in the total quantity of light in the stimuli is 
given in Table 15. The appearance of disturbance un¬ 
der these conditions indicates that in learning to dis¬ 
criminate under the original conditions the response was 
determined to some extent by the absolute brightness or 
luminosity of the areas, If the discrimination had been 
based entirely on differences in the size of the stimuli, a 
change in the illumination -would not have caused er¬ 
rors, 

Control tests -were introduced again after perfect 
discrimination between circles differing by 0.3 cm. 
in diameter had been learned when the lights were 
equally distant from the stimulus plates. The same 
Stimulus sets were used, but the position of tJie lights 
was changed from trial to trial, as described earlier 
in this experiment. In this -way both the absolute and 
the relative photic effects of the tw»o areas were varied. 
In some tests the stimuli were of equal brightness, in 
others they differed as much as 1:14. The quantity of 
light in the smaller circle was made greater in half the 
presentations. This change in positions of the lights 
caused errors in all but one case. The number of trials 
required before making 12 successive correct responses 
under these conditions, when the choice had to be made 
on the basis of size alone, is given in Table 15. The 0 
fish tested learned the discrimination, In two cases 
(No. 3 and No. 7) no errors were made when the quan¬ 
tity of light in the stimuli was varied in this manner. 
Two fishes (No. 2 and No. 6), after making 12 succcs- 
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sive con-ect trials under these conditions, failed to dis¬ 
criminate perfectly ill later trials, after intervening test¬ 
ing with a smaller stimulus difference. 

Control tests of the same type were given to fish No. 
3, using stimuli differing by 0.2 cm. in diameter after 
discrimination between the circles when the lights were 
equidistant had been established. In the 47 trials given, 
the percentages of correct choices per 10 trials were 90, 
70, 90, 80, and 90. The fish did not succeed in making 
12 successive correct responses during the training with 
this stimulus setwhen the quantity of light in the stimu¬ 
lus areas was varied, 

Analysis of the results during these control experi¬ 
ments shows the prevalence of reactions based on the 
brightness of luminosity of the stimuli, If the fish had 
been trained to the smaller stimulus, when the position 
of the lights was varied it chose the dimmer area more 
often than the lighter area, regardless of its size, On 
the other hand, there was some evidence that training 
to the larger stimulus led to choice of the brighter of 
the two unequally lighted areas in the control tests, al¬ 
though the effect of the previous training was less evi¬ 
dent in this case. Other tests on the goldfish have shown 
that there is an avoidance of very bright stimuli when 
a choice of differently illuminated areas is given (21). 
The results of these control tests are shown in Tabic 16. 
The number of errors made when the positive stimulus 
had the same relation to the negative stimulus as in the 
training series (i. e., darker or lighter), and the number 
of errors made when the relative brightness of the two 
stimuli was altered (i.c., if the positive stimulus was 
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Showing PuRCiiNTACK or Rksponses to Darker and to 
L iKMTJiii Stimulus When JluiofiTNnss or 
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darkei' in the tr«iiniiig scries, it was lighter in these tests; 
and vice versa), is expressed as a percentage of the total 
number of presentations in which these combinations 
were used, In six of the eight cases fewer errors were 
made to a positive stimulus that retained the same re¬ 
lation to tlie negative stimulus that it had had in the 
training scries than to this same positive stimulus when 
the brightness relations were reversed. 

The average time for discrimination is shown in Ta¬ 
ble 17. The results are given for each 20 trials through¬ 
out the training. In the group learning to go to the 
smaller circle (fishes Nos. I, 2, 3, 4, 5, and 6), there was 
an increase in time for choice in the second hundred tri¬ 
als, In four of the six cases there was a further increase 
ill the third huiKlrcd trials. In the group learning to 
go to the larger circle (fishes Nos. 7, 9, 9, 10, 11, 12, and 
13), in six of the seven cases the time decreased in the 
second hiiiulred trials, and dcLTcascd still further as the 
training conti/nicfl. As Table 13 shows, the average 
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number of trials for learning the easiest discrimination 
was less for this group than for those trained to the 
smaller circle. The time for the total response decreased 
with training in 10 of the 13 cases. The average time 
for the total response during the first 100 trials was ap- 
proximalcly 92 seconds; for the remaining trials, 60 
seconds. In nearly half the instances in which a new 
and more difficult stimulus pair was introduced in the 
training, the time for discrimination increased in the 
trials immediately following the change in stimuli, 

The difference in time required for discrimination in 
Eixperiments I and II may be accounted for by the 
differences in the apparatus. In Experiment I the slow¬ 
ness of the early reactions was doubtless due to the dis¬ 
turbance caused by the transfer into the experimental 
apparatus, where the lighting, shadows, and surround¬ 
ings were unlike those of the living-tank. When the 
fish became used to these conditions, or to being moved 
from living-tank to discrimination box, there was a 
marked drop in the time preliminary to the choice re¬ 
action. In Experiment II, with uniform environment 
and lighting in the tank and in the discrimination ap¬ 
paratus, there was little disturbance of this kind, so 
that "discrimination” time did not decrease as much 
during the course of training. Here, however, the lar¬ 
ger dimensions of the apparatus allowed more room for 
swimming back and forth before making a choice, and 
consequently the time for discrimination tended to be 
higher. 

A comparison of the results of the group having trials 
in immediate succession with those having longer inter- 
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Viils between trials shows that the time for choice was 
longer for the former group (average of 36 seconds, 
as compared with an average of 28 seconds). The time 
for total reaction was also longer for this group (aver¬ 
age, 81 seconds, as compared with 51 seconds), The 
factor of motivation doubtless entered in here. When 
the fish was given three or four pellets of food as quick¬ 
ly as it made that number of correct choices the hunger 
drive would naturally be Jess effective as an incentive to 
response in the later trials* When the fish was returned 
to the living-tank each time that it secured a bit of 
food, it ate the food during the interval before it was 
returned to the apparatus and was ready for another 
pellet by the time of its next trial. The responses, in this 
case, would tend to be made more quickly, 

Table 18 shows the average time taken for correct 
choices and for errors. In 9 of the 13 cases the time for 
correct choices was greater; in 4 cases the time for cor¬ 
rect choices and for errors was approximately the same; 
and in 1 case the time for correct choices was shorter. 
The differences are, however, not statistically reliable. 
In the case of fish No. 11, there are 90 chances in 100 
that the difference represents a true difference. The 
differences in die other records are less significant. 
These results differ from the findings in Experiment I. 
In the previous experiment the errors were made after 
more or less time had been spent in random swimming 
about the tank, whereas the correct choices were msitle 
quickly when the fish attended to the stimulus pair. In 
Experiment II there was noticeably less of the random 
swimming. As soon as door was opened, the fish 
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moved into compartment and from there, with little 
delay, into one of the passages at the side of the parti¬ 
tion, The tendency was to make quicker choices when 
the difference between the stimuli was great and to 
hesitate longer over the more diflicult discriminations. 

The number of responses showing marked hesitation 
before choice was relatively greater in this experiment 
than in the previous one. On the average, this hesita¬ 
tion delayed the response 5 seconds, In all cases more 
of the responses made after hesitation were correct 
than were incorrect. More correct choices were made 
after hesitation than were made without hesitation. 
Table 19 shows the proportion of correct and incorrect 
discriminations made with hesitation before choice. 

The results of the experiment show that the goldfish 
can discriminate between two visual stimuli on the basis 
of the difference in the size of the areas. When the 
lights illuminating the stimulus plates were at the same 
distance from the two stimuli, all the fishes discrim¬ 
inated between circles differing in diameter by 2 cm., 
1 cm,, 0.5 cm., and 0.3 cm. Two fishes discriminated be¬ 
tween circles differing in diameter by 0.2 cm. When 
the absolute and relative photic effects of the two areas 
were varied from trial to trial, 6 fishes discriminated 
between a standard circle 3 cm. in diameter and a circle 
0.3 cm. larger. Two fishes discriminated between the 
standard circle of 3-cm. diameter and a circle 0.3 cm. 
smaller. In one case, a circle differing by 0.2 cm. from 
the standard was successfully discriminated when the 
amount of light in the two areas was varied from trial 
to trial. Compared with limens for visual discrimina- 
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ti'on in other animals, these results show a high degree of 
acuity ill the goldfish. Bingham (1) found the Unieii 
for the chick to be a circle from 1/4 to 1/6 larger than 
the standard circle of 6-cni. diameter. Coburn's (6) ex^ 
perimeius sliowed that crows could distinguish between 
circles when the difference in diameters was 1:10 al¬ 
though no attempt was made to determine whether this 
was the threshold for discrimination. The limen for 
discrimination of size in goldfish^ under the conditions 
of the present experinaent, is a difference of I/IO of 
the diameter of the standard circle of 3^0-cm. diameter. 



IV 

SUMMARY AND CONCLUSIONS 

A. Pallern Discrimination. Six goldfish, Caras- 
sius aiiralusj were trained to discriminate visual stim¬ 
uli of different patterns, The stimuli consisted of cards 
on which were painted black and white stripes of equal 
widths. The following results were obtained: 

1. All the fishes learned to discriminate between 
cards having stripes 10 mm. wide and cards having 
stripes 2 mm. wide. 

2. Four fishes discriminated between the patterns 
when the stripes on the two fields were 10 mm. and 5 
mm., respectively. 

3. One fish consistently chose the card bearing the 
narrower stripes when the difference in width of stripes 
was 2 mm. 

B. Size Discrimiiintionu Thirteen goldfish were 
trained to discriminate visual stimuli of different sizes. 
The stimuli consisted of illuminated circles of unequal 
areas, the standard stimulus being a circle 3 cm. in 
diameter. The following results were obtained; 

1. Twelve fishes learned to discriminate between 
circles differing in diameter by 2 cm,, 1 cm., and 0.5 cm. 
when the brightness of the areas was not equated. Nine 
fishes learned to discriminate circles differing by 0.3 
cm. under the same conditions. Two fishes learned to 
go to the smaller circle when the difference in diameter 
of the two circles was 0.2 cm. 
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2, When the absolute and relative photic effects of 
the stimulus areas were varied from trial to trial, 9 
fishes discriminated perfectly between circles differing 
by 0.3 cm. in diameter. Only one lish learned this dis¬ 
crimination when the difference in diameters of the 
two circles was 0.2 cm. Under these conditions the 
limen for discrimination of size is 1/10 of the stand¬ 
ard circle of 3 cm. diameter. 
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LES SEUILS DE DISCRIMINATION TORME IVI’ I)E CniANDEUR 
CHEZ LE I’OISSON KOUGlv C/IR.IHKIU.*! .lUR.lTUX 

(RiHiimc) 

On a fait tlcux experiences iiour ilcicnuiiicr Ics plu<i pciiUs ((ilTcrcru'cs 
que Ic puiasnn ruiigu Ciir(fsjiui nui tiluj, |iciii diaiiiiKticr iIiiiir (1) lies nliiniili 
viiiiicls dc dilTdruiitca funiics; (2) dans ties stininli vi-nich ilc ilillcrciuca 
grnndcura. On n enipltiyfi une Iniiic iiiuilili^e Vcrkc^-\\'nl«iin, Icn rciuinacs 
cori'ccics &(nnt rfcumpcn^idcR par de la iioiirriiurc. Jlaini I'cxpirieiicc | Icm 
stimuli ont consialc cn curtes sur Icsiiiiclles nut £l6 pcinicn di-n liandcs 
noircs ct blniiclics de mi-ine ^rniidciir. Sis iiuissiiiis mu ajipris I'l (liscriinioer 
entre Ics formes qiiniul les bniiikn Mir Icr dcux chuiiipN nnt cie Kmndcs 
ilu 10 iTiin. cl dc 2 II 1 IIK rc3|)eclivcnieii(i Ciimtrc ilc cc.h puisanm oni pnr* 
faitcmcht cliscriiniiid rjuniul ks Liandes iiiii ek >:ruiu|eH ilc III iiiii). ci de 
i min. De plus ptililcs di(TerGi)cc!i de fnrnie uiil ck disiTiiiiiiiccs |inr uii 
poiaaon. Dans {'experience 2 leg Rliiniili uni umsiMii cii nircs illuiniiicca 
dc grandeur iri^gnlc, Ic sliimiliis £ialim £iaiii ini ciTidc d’uri diaiii^trc dc 
3 cm. DoiizG puissana uiu aiiprix ik digcriiiliiicr ciurc k ccrclc rialnll ci 
lea slimiili qui onl un dinmetre ililT^rciii dc 2 rin., ilu 1 riii., cl dc 0,5 nil. 
qiiniul In dark iIcr niren ii'a iiag cic rendu cualc. I.si iliMTiiiiinaildii 
entre dca ccrclcs dilT^rnni de (1,3 nil. a ei£ fiiiic par iinif luilsMinK; «i dc 
ccrcle.s difTerniit dc 0,2 cm. par deux piilgKiillH. (inaiid Ir.q ctiris |ihiii]r|iicq 
nbsalua ct rcInlifH dea nires des SLiiiiiili nni cir vaii£<« d'epreuve eil ^preuve 
(nu mnycii dc citnngcr In ilisiaiutc des Ininiercit deq plaijurn MiiiiiiliiiiirFi), 
liuit poiaaona mil pnrrnitcmcni iliacriiiiiiid eiiirc dc7( iciilr-^ diircniiii dc 
0,3 cm, cn diiinkirc. IFn puissuii u di‘<i:riiiiinc i|U:ind b dilT^rciin? a cic 
rddiiilc il 0,2 rm. Dana res riiiidiiinni Ic sniil pour la di'^irriniiimilim dc 
In grandeur n (:i£ Ic dixi^mc tiu crirlc fuliiii. 
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DIE UNTERSCHEIDUNOSFiiHIGKElT Dl-^S GOLDFISHES 

RASSIUS AUR/ITUS) IN UE2UG AUP GESTALT UNI) GHOSSE' 

(Referol) 

Ea wurden zwei VcrsMchc nniernoniiiicn, zuf Hesuinmung dcr kleinsien 
Unicrachledc, die von dem Goldfiicll, Caraiiiuj auraiuj, veniujniiien wcrdeii 
konnun*. (I) bci vL&ucllen Heitungen durcU Vcrachicdcuc GeaiaUcn, unit 
(2) be! viaiiellen Reizungen durdi vcricliiedcne Griiaaen. Eg >vurde dcr 
Yerkcs-Wniaon'Bche Veravichakesien vcrweiidei; ridiiiHc Hcnkiloncn wurden 
mlt Eaaen vcrgcltee. Im cralcn VEriucIi bcatniidcn die Reize aua Kerten, 
wcichc mit achwarzcii und vvcUien Slreifen vnn glciclicr llrcite benialt 
waran> Seclia FIsclien gdang ea, zwiichen den Miialern [imUBnia] zu 
imteracheiden, wenn die Streiien auf den zwei I'cldcrn rcspckiiv 10 mm. 
und £ miTii breit waren, Vier dicaer Piacbe macltlcn diirchnus richligc 
Unterscheidungen wenn die Slreifen Auf den zwei Feldern rcspckliv 10 
mm. und S mm. brcit wdfct). ESiicia FibcK gclniiKcn aoi^ar fcincre Unlcr- 
achcldungen zwischeil vcischiedenen Sircifbreilcn. Im zvvcilcn Experi¬ 
ment beainndcn die Reize aua criicllleii FlScbcn ungiciclier Grbaie, woliei 
ein Kreia mit eincm Durchme&ser yon 3 cm. nis Nunniilrclz gnit. Zwdlf 
Fiache lernlen, zwiachen dem Narmnlkrcia und llcizcn zii unieraclicidcni 
deren Dtirchschniit 2 cm., 1 cm., und >5 cm. von dem Narmoldurcliacliniit 
abwichen, ohne Glcichachaliung der Helligkeii der riilchcn. Ncun Fischen 
gelong ea, zwiachen Krciaen, deren Durclimeaser ,3 cm. yon einander 
abwidicn zu unicrgchcidcii, und zvrei Fiachcii geinng die Unicr.achcidiing 
bei .2 cm. Unicr&chicd. Variirle inon die nbaoluiun und rclniivcn Lichicin- 
wirkungen [photic cdecla] dcr Rcisfldchen in den verachictlciicn Ver- 
auchen dndurch, dnss man die Enlfcmung der Liciuer^von den HcizplDltcn 
wechaeltc, ao unterachlcdcn nclit Fiache durchaua ricluig zwiachcii Krciaen, 
deren, DurchachniUc ,3 cm. von einander nbwidten. Ein FiHclt ktinnic noclt 
untcracheiden, wenn dcr Unlcrschied bia suf .2 cm. liernbgcBcizl wonicn 
war, Unter dlcacn UmsiSndeil beiruR die Unieraelicidiingaichvvcllc [limen 
foe dlacrimlnation] fiit Griisae ein Zcbnlel ilea Naiinnlkrcisca. 
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I 

INTRODUCTION 

During the past few decades a wide variety of ap¬ 
paratus has been devised for use in the study of the re¬ 
active capacities of animals. In spite of this fact, the 
various devices in use may be classified into two general 
types: (1) mazes and (2) problem apparatus. Some 
notion of the great variety of maze patterns that have 
been developed may be had by referring to the recent 
monograph of Warner and Warden (17). A less- 
detailed classification of types of problem boxes will be 
found in an article by Jenkins (6), As these authors 
point out, mazes and problem boxes have usually been 
devised with reference to a particular species of animal 
and are seldom generalized enough to be useful in the 
comparison of animals of different species. They have 
been used, in most cases, to study various conditions 
of learning within a given species, It should be clear 
that any comparative psychology worthy of the name 
must include the iiitercomparisoii of species, genera, 
phyla, and the like. This involves the testing of dif¬ 
ferent types of organism on the same task under 
properly standardized conditions. The interest in 
strictly comparative problems was the first to arise in 
the animal field. The need for this type of study has 
been emphasized by Thorndike, Yerkes, Watson, and 
many other leaders. In spite of this fact, this phase of 
the program of comparative psychology has been large¬ 
ly neglected, 7'Jjc i'cnstm for thi^ neglect is not far to 
seek. It is extremely diflicuk to arrange a standard 

[309] 



310 


BERNARD F. RIESS 


task for species of animals which differ in motor equip¬ 
ment. Pulling a string may be easy for a cat or mon¬ 
key but it is likely to be difficult for a dog or a 
guinea pig. If such a device were used, differences in 
score would reflect differences in intelligence much 
leas, perhaps, than divergence in the type of appen¬ 
dage possessed by the several species. It may be laid 
down as a general principle that any common task to 
be used in comparative tests must require some type of 
manipulation that is natural to each of the species to 
be tested. The task may be complicated by introduc¬ 
ing spatial and temporal paUcni factors rather than by 
bringing in a new type of movement which is less 
natural to some species than to others. 

The Jenkins problem box, which will be described 
in the following chapter, was especially devised for 
the comparative study of mammalian types. The mo¬ 
tor response itself involves merely the stepping on a 
plate in the floor of the apparatus—-a movement that 
is simple and natural for all types of mammal, The 
task is complicated by introducing a progressive series 
of pattern elements—all of the same general order on 
the motor side. Since it is possible to complicate the 
task within extremely wide limits, it is possible to de¬ 
termine the levels of capacity of various species for this 
kind of task. The apparatus is being utilized in the 
Columbia Laboratory to determine comparative in¬ 
dices on various mammalian forms, The limits of 
learning in kittens as determined by this method have 
already been reported by Shney (13). The present 
monograph is devoted to a comparison of two common 
rodents: the white rat and the guinea pig. The work 
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on tlic rliL's'us monkt-y by Fjclil will appear Jii a later 
inonoi^raph in tliis series, while the testing of the cebus 
monkey is now uiuler way in this laboratory. 

Historical back^rouiul fi»r the present series of ex¬ 
periments is almost wholly Jacking. The nearly com¬ 
plete lack of information on learning in the guinea 
pig is all the more iiolieeahle in view of the extensive 
literature eoncerning itself with the white rat. But 
live stuilius have been inaile which cover modificatioa 
of behavior in the guinea pig. Of these, two deal with 
the problem box. Muenzinger (10) and Miienzinger, 
Koerner, and I rey (ll) liave investigated mechaniza¬ 
tion aiul plasticity of hcliavior in a simple thumb-latch 
box. I'lie otlier studies are a simple discrimination 
transfer jiroblem undertaken hy Hadley (4), an appli¬ 
cation of the cnnditioned-respcmse technique t,o autli- 
tory limuMis by Upton (14), and a duplication of Wat¬ 
son’s early rat work by Allen (I). 4'lie latter study 
rcprc.'S'ciTils' the i,\fle utietupc {<i cytmijure these fuv/ a/«r- 
inon rodents. Allen’s results on nervous development 
as correlated with behavior are compared tf) identical 
work done by Watson on the white rat. However, the 
situations studied were extremely simple and the tech¬ 
nique poorly vStaiulardized. 

Limits of learning as a problem in comparative psy¬ 
chology has an even more incomplete past, No ex¬ 
perimentation has been conducted on the problem in 
rodents ami there are few studies of tlie higher orders, 
'I'he presciu c.xjicrlinenis, together with those in prog¬ 
ress at the C'nlumhia luiboralory, may be considered 
as atlenqits lo lill out lliis gap in comparative learning 
studies of mammalian types. 



AI*l\'VHA'rCTS 

Dfxcn'plioii of Appitntlifs. 1 lie iippiiiiilus used in 
these experiinenis is a iiiodiiieati'in itf the pri)lilein biix 
described by Jenkins (6) nml empluyed by Slniey (Id) 
on kittens. 'I'bc external appeai aiice and iliinensions 
of the box arc shown in Ki^iire I. Tlie Ibnir consisted 
of a solid piece of smooth, wliite pine mounted (Jii legs 




FJCllIRl': I 

Extiviuou or Piioin.iiM Pox 

/•/—liiilit: siiurcc, 45 cm, in (liamctcr; iK'iehr iilmvi' ciiy:c. 5 cm. 

/i—ciiviT of icuctiDii L'(mi[iarimeiU, lu'iulil from hip of coiiiiiaiimcin 
!Lt innei' ediic. Id cm, | ilishmcc trum lo cilm', -l-S cm. 

C —onc-\^'!i\’ liiilit .screen, liciijIU' foim lloiii' nf Im.v, 4S cni, 

D —cntruiicc Inix, 2.l\-24xJ() cm. 

7i —door to cutraiicc box 

F —pulley ami cord conncctinu (lour with ciiiurnl table 

r:h2i 



LJ.Mirs OP LPARfJINC IN RAT AND GUINEA PIG 


313 


which raised it tr3 a height of 45 cm. from the floor 
of the room. The problem box itself was constituted 
of three cages (Figure 2] ; an entrance box, the reac- 



E. U ,—entrance box 

R.C.—reaction compart/nent 

F. B. —food box 

Jy 2j 3 —plates, 15 cm. in diameter 

'fii ^ 2 , (Jb —doors to tlic entrance box, reaction compartment, and 
food box 

tioft compartment, and the food box. The entrance 
box floor was of wood with metal sides and 1-inch 
heavy wire-mesh top. It was screwed to the test cage 
in such a way that its floor was flush with that of the 
reaction compartment. Doors closed off both ends; 
that which led to the test cage was made of mathemati¬ 
cal celluloid and was operated noiselessly in oiled 
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grooves. It was raised by a cord passing over a pulley 
and fastened at the other end to the control table. 

The reaction compirtmeiit and the food cage were 
concentric cylinders of i-inch heavy wire mesh. The 
distance from the outer wall to that of the incentive 
box was 45 cm. In the latter^ opposite and parallel 
to the door of the reaction cage, was a ciirvedj wire- 
mesh door (Figure 2) which moved in an arc parallel 
to the circumference of the food box. Broken lines 
mark its open position (Figure 2). 

In the floor of the test cage were three circular plates 
(Figure 2) of hard maple into which had been sunk 
thin copper strips so connected to a Columbia Electric 
Stimulator that an animal could be given a shock if 
desired. The plates were level with the floor and re¬ 
mained in natural color whereas the floor itself was 
painted battleship gray. 

The reaction compartment was entirely surrounded 
with a one-way light screen of fine copper mesh sprayed 
with white paint. Four removable circular segment's 
made of the same screening served as covers for the 
cage. These sloped upwards toward the light source. 
This consisted of a circular reflector hung on a swing¬ 
ing arm bracketed to the wall of the room. Light 
was diffused equally over the entire box by eight 40- 
watt Mazda lamps arranged in a circle back of a 
inch opal glass plate. In order to make the one-way 
screen effective, the experiment was conducted in a 
dark-room, 

The control table, at the end of which the experi¬ 
menter sat, was BO centimeters to the right of the prob- 
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icm box. Two tall wooden screensj painted white, 
aefved to make the background to the right and in back 
of the box similar to that of the rest of the room. The 
mechanism of control is given in Figure 3. The elec- 




riGURK 3 

DiACHAM of Im.HCTRIOAI. AI'I'AHATUS for TJJJi Rklrase 
OF Tim Door 
J —switch cdntrolllii^ ioimt 
2aj 2Aj 2c —swiiclics cniUrutlini' sii'ont liKlits 
3<i, 36, 3c —sinoul liinips 
33, 3c —rc^isiancc lumps 
^—tclcRrujili key 

5 —biikfliic, imilii-cumjjfl, joinrJ phiK 

bakL'Ii’u!, miilN'-c(iiit.-iL‘r, p;mt'l .surkri in box 
?—clcctniniupiiiet 

Sij, Si>, He —cdimcciiiios to tluec plates 

Numbers 1 to 5 arc relatcil to the control loblc, nuinbcrs 6 to 8 
arc Fovind on ihc box itself. 








Ill 

ANIMALS AND PROCEDURE 
Animals 

The subjects in the first part of the study, hereinafter 
called Experiment I, were 35 albino rats supplied by 
the Albino Supply, Inc., Philadelphia, Pennsylvania. 
Age-weight data for the individual animals are given 
in Table 1, All rats were males of medium size, 
weighing from 80 to 100 grams, with an average weight 
of 877 grams. The last item recorded for each animal 
in Table 1 represents the age at which the rat was final' 
ly discarded after having failed to attain the norm of 
mastery set for the problem. 

In Experiment II the subjects were 30 varicolored 
guinea pigs obtained from the Breeding and Labora¬ 
tory Institute, New York City. Table 2 shows the 
age-weight data for the individual guinea pigs. The 
animals were males of medium size, averaging 397,9 
grams in weight with a range of 380 to 402 grams, 

A comparison of two types of animals under identi¬ 
cal conditions involves the equation of the two groups 
in age, sex, and other factors at the outset of experimen¬ 
tation. Inasmuch as rats and guinea pigs vary widely 
in the degree of development at birth and in the rate 
of postnatal growth, it is difficult to determine the ages 
at which these animals arrive at exactly the sartie level 
of maturity. Figure 5 shows the data relevant to the 
question, The curve for rats was obtained from Don¬ 
aldson (2), that for the guinea pigs from Minot (9). 

The age and weight at sexual maturity are indicated 
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TABLE 1 

Showing Weight (in Grams) and Age (in Days) at the 
Beginning and the End of Experiment I 

The age records are obtained by adding to the number of days 
spent in the laboratory a constant, 60, which represents according to 
Donaldson (2, table 157, pp. 276 ff.) the age at weight 00-100 

grams- 


Rat 

number 


Weight 

Beginning End 


Age at end of 

Step I Step II Step III 
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TABLE 2 

Showing Whight (in Grams) and Agk (in Days) at thd 
Beoikninq and tujs End op Esi'isrimunt II 

The age records are obtained by adding to the number of days 
spent in the laboratory a constant, 73, wliich represents according 
to Minot (9, pp. 97 ff.) the age at weight 380400 grams. 


Guinea pig 
number 

WelghI 

Beginning 

End 

Age al 
Slep I 

end ol 

Step 11 

1 

3B0 

5Z4 

124 

244 

2 

3B5 

541 

226 


2 

381 

590 

226 


4 

392 

467 

226 


5 

396 

562 

147 

287 

6 

3H7 

609 

125 

265 

7 

391 

495 

226 


B 

393 

677 

181 

301 

9 

3B5 

519 

132 

272 

10 

389 

571 

122 

262 

11 

394 

6Q1 

226 


IZ 

397 

587 

226 


13 

3B7 

5a+ 

226 


1+ 

3H0 

5S5 

121 

2ZB 

15 

39B 

62i 

226 


16 

402 

672 

150 

290 

17 

379 

4Hfi 

137 

157 

IB 

3B6 

533 

116 

216 

19 

38B 

506 

226 


20 

392 

557 

116 

256 

21 

396 

49fl 

226 


22 

3B4 

625 

111 

251 

23 

3B1 

501 

226 


24 

382 

5<|0 

124 

164 

25 

390 

682 

136 

255 

26 

3B8 

463 

226 


27 

3B1 

7fl4 

IBO 

320 

2B 

3BS 

497 

226 


29 

382 

S03 

226 


30 

386 

692 

174 

314 


for both groups in relation to the weight and age se¬ 
lected for experimentation. It will be seen that the 
animals used in both experiments were approximately 
at the same point of development in respect to the rate 
of growth and the date of sexual maturity, In order 
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Showing the Weight in Grams at Various Ages in Months 
FOR White Rats (Modified from H. H. Donaldson) 

AND FOR Guinea Pigs 

The ordinate axis represents weight and the abscissa age in months. 
Open circles indicate weight and age at time of arrival in the labora¬ 
tory. Closed circles indicate the age and weight at sexual maturity. 

to avoid any disturbance due to the oestrous cycle, only 
males were used in this experiment. 

The preliminary procedure was devoted mainly to 
taming the animals and accustoming them to labora¬ 
tory and experimental routine. Immediately after 
arrival in the laboratory, the animals were placed in 
the quarters in which they were to live throughout 
the experiment. The living-cages for the rats con¬ 
tained six animals each and were constructed of metal, 
18 by 12 by 12 inches in size. They were closed on 
three sides and had a solid bottom on which sawdust 
was spread for bedding. Fresh water was obtainable 
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at all times from an inverted siphon bottle attached to 
each cage. The living-quarters for the guinea pigs 
also held six animals each but were much larger than 
those for the rat, being 24 by tZ by 30 inches in size, 
They were made of metal mesh and had heavy grills 
for floors, below which were removable metal pans full 
of wood shavings. Water jars were k.ept in all cages 
throughout the experiment. The task of motivating 
the animals was started on the second day of their 
laboratory life when they were fed at the hour at which 
food was to be given during the training period. The 
food itself was not administered in the living-cage but 
in identical cages which were, however, not supplied 
with sawdust. The white rats were given whole¬ 
wheat bread soaked in milk together with a bi-weekly 
ration of greens. The guinea pigs were fed chopped 
carrots and lettuce, Food for the rats was supplied in 
liberal amounts, about 6 ounces to a cage, and was 
rernoved after ten minutes, whereas the guinea pigs 
were allowed a limited amount of food which remained 
in the cage for two hours. The total weight of carrots 
and lettuce was 9 to 10 ounces to each group of six 
animals. The guinea pigs were fed for a longer period 
than the rats because it has been found that the former 
animals will not learn to gorge themselves in a limited 
time but nibble at the food intermittently over a longer 
interval. It was also found necessary to place large 
pieces of soft wood in the cages of the guinea pigs in 
order to satisfy the gnawing propensities of these 
animals. 

On the third day, the ears of the animals were 
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clipped in various ways so as to differentiate one from 
another. All of the subjects were handled twice each 
day by the experimenter so as to accustom them to the 
removal to the experimental room, atj a distance of 
some 70 feet from the vivarium. The treatment 
during this adjustment period was determined by pre¬ 
liminary investigation on separate groups of subjects. 
From the results of this survey it was decided to extend 
the handling of the guinea pigs one week beyond the 
fourteen-day period commonly adopted for white rats. 
The extension was made necessary because the guinea 
pigs did not respond to taming as readily as did the 
rats. The length of time adopted for each group was 
found to equate this difference in wildness very suc¬ 
cessfully. 

A short period for adjustment to the apparatus has 
been found to be of value in much of the work in ani¬ 
mal psychology. Warden (17) has shown that feeding 
and exploration preliminary to actual experimentation 
reduces the total learning time by more than 60 per 
cent. Therefore, following the laboratory adjustment 
interval, the animals were transferred, one at a time, 
to the apparatus which had been baited with food in the 
entrance and food boxes. Five minutes each in the 
two compartments was allowed the subject for explora¬ 
tion and the setting-up of food-association habits. The 
rats were given seven days of this treatment, the period 
for the guinea pigs being prolonged to twelve days. 
The difference, determined as above by preliminary 
experimentation, was caused by the persistence of iion- 
adaptivc behavior in the guinea pigs. All in all, then, 
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there elapsed three weeks from time of arrival to the 
beginning of testing for the rats and thirty-three days 
for the guinea pigs. In general, the variation in these 
periods may be ascribed to the slowness of adaptation in 
the latter group of animals. 

Training Phoceoure 

The first subject in the first cage was transferred to 
the entrance box. The experimenter then seated him¬ 
self at the control table and pulled the cord which 
raised the door to the reaction compartment. As soon 
as the animal entered the latter, the stop-watch was 
started and various behavior records were taken. Im¬ 
mediately after the animal had stepped on the correct 
plate or plates, the telegraph key Was depressed with 
the resultant release of the door from the electromag¬ 
net. The door opened and the animal was timed as 
it entered the food box. Each animal was allowed two 
to three nibbles of food and was then replaced in the 
entrance box. A time limit of five minutes per trial 
was set for the first 20 trials and thereafter at three 
minutes. If, at the end of that period, a subject had 
not made a correct response, it was placed in the en¬ 
trance compartment and the trial listed as a failure. 
For the first six days of training, the above constituted 
the daily work per animal. On the seventh to the tenth 
days, the procedure was repeated twice and from the 
eleventh to the fifteenth, three times. Thereafter, the 
maximum number of trials was maintained at five pet- 
day for each animal. That this number did not result 
in a loss of motivation was brought out by comparison 
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of various distributions of practice among different 
preliminary groups. 

When the subject had finished the daily task, 
he was returned to the food cage in the vivarium where 
he waited until all six animals in the living-cage had 
been run. Food was then placed in the food cage and 
the animals allowed to eat for ten minutes in the case 
of the rats and for two hours in the case of guinea pigs. 
The difference between the two types of rodents in 
feeding-times arose because it was found in preliminary 
experimentation that guinea pigs required a compara¬ 
tively long time to finish the food set before them 
whereas rats learned to gorge themselves within the 
period allowed them. The incentives used in the prob¬ 
lem box were whole-wheat bread soaked in milk for the 
animals in Experiment I and lettuce for those in Ex¬ 
periment II. Both the bread and lettuce were chopped 
into such minute pieces that no animal was able to 
retain any of the incentive after the time allowed for 
eating at the end of each trial. In addition to the 
available incentive, a dish of the same food was placed 
in the food box but was covered with a large inverted 
hemisphere of fine wire mesh. This prevented the 
animal from eating the contents of the dish, which acted 
as a stimulus enhancing the value of the original in¬ 
centive, Throughout all trials the experimental room 
was kept in darkness. A large, high-speed, electric 
fan served as a constant noise screen and prevented any 
disturbances from street and other incidental noises. 

The data taken during each trial maybe convenient¬ 
ly divided into two types: records of learning and rec- 
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ords of activity. In the former class, the number of 
trials to learn and the errors involved in learning con¬ 
stitute the data. In the second class are the time from 
entrance into the reaction compartment to entrance 
into the food box after solution of the problem, the 
number of plates depressed, and the number of quad¬ 
rants traversed, The last measure was obtained by 
dividing tlie door of the box into four equal segments. 
Quadrant A included the area around the doors to and 
from the reaction compartmeiiL The other sections 
(B, C, D) each contained one plate and adjoining floor 
space. These activity records were readily taken with¬ 
out marking off the floor of the box by noting the posi¬ 
tion of each of the four parts of the cage cover, the 
boundaries of which coincided with those of the vari¬ 
ous quadrants. Numerous types of incidental be¬ 
havior, which could not be tabulated, were recorded by 
the experimenter during the course of each trial. Some 
use of these data will be made in the interpretation of 
the results. 

Animals were run for seven days in the week, start¬ 
ing each day at the hour when the type used was most 
active* The white rats were tested from 7:30 P. M. to 
approximately 2:00 A. M. In the second experiment, 
the guinea pigs were run from 2:00 A, M. to about 9 :00 
A. M. These times agree with the finding of Nicholls 
(12) on differences in diurnal activity rhythms in rats 
and guinea pigs, 

Nohms of Mastery 

Nine perfect trials in a sequence of ten was set as a 
norm of mastery. The attainment of lower norms was 
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noted, but no animal was set a more complicated prob¬ 
lem until he had mastered a given step up to the high¬ 
est norm. A perfect trial was one in which the subject 
proceeded directly to the correct plate or sequence of 
plates and then stopped or returned immediately to the 
door of the food box. Any movement indicating a 
tendency to continue on after the correct reaction with¬ 
out returning for food was listed as an imperfect solu¬ 
tion, As soon as the norm of nine out of ten perfect 
trials had been attained, the animal was sent on to the 
next step. If, after 700 trials, a subject had not as yet 
solved the problem under the norm of mastery set, it 
was discarded and listed as having reached its limit. 
This number of trials, as the criterion of failure, was 
arrived at by preliminary research which showed that, 
in the animals tested, none that had failed to reach the 
norm in SOO trials succeeded in the next 200. Seven 
hundred trials was set, therefore, as the limit within 
which learning might take place. One exception to 
this general procedure was made. It occasionally hap¬ 
pened that an animal failed to manifest any activity 
when in the reaction compartment. The three minutes 
were spent in merely sitting or in sniffing at the food 
box without any exploration or activity in the reaction 
compartment. When this occurred 100 times in suc¬ 
cession in any step but the first, the animal was dis¬ 
carded. Very few subjects showed this consistent in¬ 
activity and when it occurred on the first step they 
were run 500 trials before being dropped so as to give 
them every opportunity to learn the step. 



IV 

RESULTS OF EXPERIMENT I 

This experiment consisted in the training of 35 male 
albino rats on the three steps constituting the basic 
problem in the apparatus used. The first step neces¬ 
sitated the depressing of a single plate. This was sit¬ 
uated to the right of the food box and wilL be herein¬ 
after referred to as plate 1. When the norm of mastery 
of 9 perfect trials out of 10 had been attained, training 
on the second step was immediately begun. This in¬ 
volved learning to depress plates 1 and 2, the latter 
being to the rear of the reaction compartment. Step 
III was next set the animal. This consisted in the 
addition of plate 3 to the other two, the pattern being 
plates 1, 2, and 3 in sequence. In the second and 
third steps, correct solution was achieved only when 
the plates were depressed in the correct order without 
any intervening activity. Throughout the training 
period no extraneous cues such as electric shock or 
other punishment were supplied nor was any attempt 
made to enhance the value of the plates as stimuli. The 
indication of correct solution was the opening of the 
door to the food box subsequent to the depressing of 
the last plate in the sequence. 

In Table 3 are given in detail the trial, time, and 
error scores of the individual rats tested in the basic 
problem under the norm of mastery described above. 
The first trial of the experiment is excluded in all the 
records in each column of the table since this was con¬ 
sidered as a part of the preliminary training. The last 
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8 or 9 trials of the norm of mastery are also excluded. 
That is, records cover the period from the second trial 
given each animal through to the first trial of the 
criterion series, provided that the latter was perfect. 
If the subject made an error on a trial and then ran 
successfully for 9 consecutive times, the record will 
include the first two of the 10 trials of the norm. 

The first column in Table 3 under each step gives 
the total nvimber of trials taken in the solution of that 
step. In the second column are given the total error 
scores, the various types of which will be discussed in 
connection with Table 7. The total time in minutes 
spent in the reaction compartment prior to entrance 
into the food box is given in the third column. The 
last column under each step shows the type of failure 
for which the individual animal was finally discarded. 
Failure I means that these animals showed complete 
inactivity over a three-minute test period throughout 
a sequence of at least 100 trials, That is, the subjects 
did not, on such trials, move out of the front quadrant 
surrounding the doors to the entrance and food boxes. 
In such cases, the time was spent mainly in washing, 
licking, or scratching, but no exploratory behavior or 
excursion into other quadrants was observed. Failure 
II means failure to depress the correct plate or plates 
within the three-minute period constituting each trial 
for at least 100 trials. The rats were active and ran 
around from quadrant to quadrant, depressing one or 
more plates, but they displayed no evidence of a definite 
plate habit. Such animals were not rewarded imme¬ 
diately with food at the end of the trial but were re- 
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pl^lccd ill the entrance box aad given another trial. 
After 5 trials in which this non-adaptive behavior was 
shown, the rats were replaced in the feeding-cages 
and further penalized by being restricted to one-half of 
the usual ten-minute feeding period after the success¬ 
ful rats in this cage had been fed. Failure III was 
the most common of all and involved the inability of 
the rat to reach the norm of 9 correct reactions in lO 
consecutive trials during the course of the entire ex¬ 
periment. This type of failure was checked against 
an animal only after 700 trials had been run. Only 
those rats which learned under the norm described 
above were advanced to the next higher step. The 
lacunae in the tabic are to be accounted for by the 
dropping-out of the animals that showed one or another 
of the various types of failure. 

Several facts stand out in an examination of Table 
2. In the first place, it may readily be seen that, under 
the conditions set, the limit of learning was reached on 
the second step of the basic problem. None of the 
rats tested learned the third step. It will be noticed 
also that the groups showed extreme variability in all 
of the measures indicated. In Step I the scores for 
the animals which learned ranged from 30 to 453 trials, 
lOO to 1242 errors, and 12 to 330 minutes. In Step 
II the corresponding ranges are from 160 to 432 trials, 
598 to 3183 errors, and 31 to 220 minutes. It will be 
seen that all of these ranges rise in the second step 
oyer the first. Since none of the animals reached the 
norm of mastery on Step III, the corresponding data 
for this stage ace not available. 
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TABLE 4 

Showing the Total Number of Rats Used and the Number 
AND Percentage Completing Each Step under the 
Three Norms or Mastery 


Nor?n 1 IS 9 perfect trials in a sequence of 10. Norm 2 is 4 
perfect trials in a sequence of 5. Norni J is 1 perfect trial in a 

sequence of 2. 





'Step I 

Step II 

Step III 



Total number used 

3S 

24 

B 

Norm 

1 

Number which learned 

24 

g 

0 

Percentage which learned 


33 

0 

Norm 


Number which learned 

3+ 

14 

3 


Percentage which, learned 

97 

S8 

3& 

Norm 


Number which learned 

35 

24 

a 


Percentage which learned 

100 

100 

100 


Table 4 gives the number and percentage of rats 
which successfully completed each step. Only the 
data under Norm 1 are pertinent to the present discus¬ 
sion. The arrays representing the two lower norms 
were calculated in order to bring out certain compara¬ 
tive information about rats and guinea pigs and will 
be discussed in Chapter VI. It will be seen that over 
two-thirds of the group under the highest norm suc¬ 
ceeded in Step I, Of this 69 per cent, one-third learned 
Step II. None of these animals was successful in at¬ 
taining the third step despite the fact that the increase 
in complexity involved no change in the mode of re¬ 
sponse required for solution but merely an extension 
of a previously acquired habit. The limit of learning 
for the group of rats tested was, therefore, established 
at two steps. A cursory scanning of the lower arrays 
shows that, had the norm of mastery been lowered to 
4 out of S perfect trials, the percentage of rats learning 
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each step would have been materially increased. 
Norm 3 represents a very low criterion and is in¬ 
cluded here mainly to show that the problem was suffi¬ 
ciently simple so that all of the rats could make at least 
one perfect response, 

The measures of central tendency and variability for 
the data collected on learning and activity are given 
in Tables S, 6, 8, and 9. The number of trials required 
to learn the various steps of the basic problem is given 
in Table S. It can be seen that both the median and 

TABLE 5 

SitowiNo THR Numrer OF Trialh TO Lrarn 'THE FmsT Two 
Stops of tub Basic Prodlum in Experiment 1 


Tlic data for Step III arc umitted jiince Htc S r<ita' wliicJi learned 
Step II failed on the next Inirltcr step, 


Step 

N 

Range 

Triala 

Metlian 

lu lenri) 
Avernge 

A,n. 

s.n. 

1 

2+ 

30-453 

196.00 

221.04 

99.97 

12b,26 

n 


IfiO'+SO 

363.00 

315.25 

93,19 

116,77 


average number of trials to learn Step II show increases 
over the corresponding measures for Step 1. The ratio 
of the differences to the reliability of tlicse differences 
in average scores is 1,94. This means that there are 
97 chances in 100 that the true difference between the 
averages in Steps I and II is greater than zero. It 
follows, therefore, that more practice was required to 
master a problem necessitating the depression of two 
plates in a given order after the first had already been 
learned than for the depression of a single plate, The 
large differences between the averages and medians in 
each step and also the wide scatter shown in the average 
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and standard deviations may be accounted for by a few 
extreme cases which influence the distribution consid¬ 
erably. If, in Step I, the 5 animals whose scores are 
below 100 or above 400 trials are excluded, the range is 
reduced by approximately one-third and much of the 
variability is eliminated. In Step II, the exclusion 
of the 3 rats whose scores are below 300 reduces the 
range by over 50 per cent. In general, despite the 
smaller number of animals tested in the second step, 
the measures of dispersion show that this group is 
slightly more homogeneous than that used on the first 
step. Tables 6 and 7 give the data on errors and fail¬ 
ures. Ill the former table are shown the measures of 
central tendency and variability for total errors, total 
errors per trial, and the first two types of failure de- 

TABLE 6 

Showing the Total Errors, Failures, and Total Errors per 
Trial on the First Two Steps op the Basic 
Prodlbm in Experiment I 

Tlie data for Step III are omitted since the 8 rats which learned 
Step II failed on the next higher step. Failure I —complete inac¬ 
tivity over a period of three minutes; Failure II —activity over a 
chree-minute period without depressing the correct plate or plates. 







Aver- 



Step 

N 

Errors 

Range 

Median 

age 

A,D. 

S.D. 



Total errors 

71-1242 

375,00 

470.71 

173.86 

217.B5 



Foilurea I 

0-73 

2.00 

lO.SS 

12.91 

16,18 

I 

2+ 

Failures II 

Totnl errors per 

0-15 

.50 

2.46 

2.91 

3,65 



trial 

.75-5.11 

1.73 

2.31 

1.14 

1.43 



etrora 


1177.S0 

U2S.7S 

575.94 

721.65 



Failures 1 

0-4 

0.00 

0.50 

.85 

1,12 

II 

8 

Failures II 

Total errors per 

o.oO 

O.OD 

0,00 

0,00 

0.00 



tri.al 

3,37-7.55 

4.G5 

5.19 

1.43 

1,79 
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'I'AHLE 7 

Showing the Frequency ok Various Types or Errors on the 
First Two Steps of Exi'KKiMi-Nr 1 


In. Step I tile amission oi plntc 2 nnd die de[ircs.;ioji of plate J \Yerc 
not tallied ns errrjr.s. 


Frcfiucncy 

Types of AvcruRC per Lrinl 


error 


Step I 

Step 11 

Step I 

SlepJI 

OmlaaioriB oi 

Plate 1 

Plate 2 

278.83 

434.00 

243.25 

1.3<i 

1.3B 

0,77 


plate 1 


B7.(i3 


0.2B 

Depreaalona of 

Plate 2 

12.79 

9+.S0 

O.Oti 

o.ao 


Plate 3 

I9.S0 

49.50 

0.09 

0.16 

Delay at iloor of 

FoQit box 

149,79 

570.fi3 

0.li4 

l.Bl 

Uatrance box 

9.79 

1.13 

0.04 

0.004 


scribed sibovc in tlie discussion of individual scores. 
Table 7 gives a detailed analysis of the various com¬ 
ponents of the total error array in the prcecding table. 
It will be noticed that the same tendency demonstrated 
in the discussion of trial scores is apparent also in Table 
6, Just as more trials were required to learn Step II 
than Step I, so here we find more errors in the mastery 
of the second step. The increase in difficulty of Step 
II over Step I holds for both total errors and for aver¬ 
age errors per trial. That these differences are reliable 
is shown by the ratio of the differences to the standard 
deviation of the difference which is 4.46 for the former 
and 4.11 for the latter set of scores. Tills means that 
there are 100 chances in 100 that the true difference is 
greater than zero. The same degree of certainty of a 
true difference between records on Steps I and II exists 
also for the two classes of failures. It will be noticed, 
however, that, whereas the other measures show in- 
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creases in Step II over Step I, both varieties of failure 
decrease in frequency in the second step. It seems that 
as the animals become more accustomed to the problem 
they show less tendency to indulge in non-exploratory 
activity. Any failure due to inactivity disappears al¬ 
most completely by the time the second step is reached 
(Failure I). Moreover, no animals failed in this step 
by omitting to depress a plate or plates during the trial 
(Failure II). Since the 3 animals which made the 
most failures of type I in the first step had no such 
records checked against them in Step II, this decrease 
in non-exploratory behavior cannot be said to arise 
from the elimination in Step II of animals which scored 
failures in Step I. 

An analysis of total error scores into 3 large classes 
in each step is given in Table 7. The specific errors 
which could be tabulated in Step II are necessarily 
larger in number than those in Step I since the addition 
of a plate increased the possibility of incorrect re¬ 
sponses. The additional types of error in the second 
step are the omission of plate 2 and the depression of 
the same plate. An examination of the table will show 
that the order of diminishing frequency of occurrence 
of the various errors in Step I is as follows: {a) omis¬ 
sion of plate 1, (^) delay at the door to the food box, 
(c) depression of plate 3, {d) depression of plate 2, 
and, last, (e) delay at the door to the entrance com¬ 
partment. In Step II the same general trend is no¬ 
ticeable with two exceptions. The most frequent error 
was that of delay at the door of the food box, the 
omission of plate 1 assuming second place. There fol- 
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low in order then: omission of plate 2, depression of 
plate 2, of plate Ij and of plate 3, and, finally, delay at 
the door to the entrance box. The importance of the 
food-box door as a distracting stimulus is easily under¬ 
stood, since running to the opening constituted the ter¬ 
minal activity of each successful trial. Hence, in 
many cases, obtaining the reward was associated with 
running to the inner door rather than with the touch¬ 
ing of a plate. This explains the increasing frequency 
of this error in Step II since these animals had many 
more trials in which they received food after entering 
through the open doorway. All of the types of error 
discussed in the table are associated with the behavior 
required in the solution of the problem. There is an 
almost complete lack of such activity as was not re¬ 
lated to solution. Only two rats were observed at¬ 
tempting to climb the walls of the reaction cage and 
this occurred in a few trials oalys Among other errors 
which happened so rarely as not to warrant their in¬ 
clusion in the table were such types of activity as chew¬ 
ing at the sides of the reaction compartment, sniffing at 
the edges of the plates, and refusal to enter the food 
Cage even after the door had been opened. The latter 
error was the most frequent of this class and occurred 
but 12 times for all animals. All of these varieties of 
incorrect responses took place in the first third of the 
training period and disappeared as the rats became 
more accustomed to the apparatus and problem, 

The data on time and activity in the first two steps 
of the problem are given in Tables 8 and 9. Under 
activity records are included quadrants, plates, quad- 
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TAULE 9 

Showing tub Numbbr or CoMri.HTi' Circuits (CLocKWiau and 
Countrrclockwisk) around tul* Food Hox iit Tiin 
First Two Stei's or Exi'eriment I 


Tile cliita for Step III arc omitted since die 8 rats wliicli learned 
Step II failed on the next lilghcr step. 


Step 

N 

, Dircciion of 
acliviiy 

Range 

Median 

Average 

A.D. 

S.D. 

I 

2+ 

Clockwise 

Counlcrclockwiae 

1-29Q 

CI.GO 

B.QQ 

75.12 

32.58 

41.34 

31.97 

51.80 

48.53 

II 

B 

Clockwise 

Countcrclackwlsc 

89-554 

5-486 

215.50 

]9.00 

259.63 

179.50 

139,53 

184.31 

174.83 

230.94 


rants per minute, plates per minute, clockwise and 
counterclockwise circuits around the food box. Inas¬ 
much as the two latter varieties of scores represent di¬ 
rection rather than amount of activity, they are pre¬ 
sented by themselves in Table 9. Considering first the 
time taken in solution of Steps I and II, it will be seen 
that this measure produces a relationship inverse to 
that which holds when trials and errors are taken as 
indices of learning. Step II required more trials and 
involved more errors than did Step I but was mastered 
in less time than the easier step, That this discrepancy 
is not due to chance is shown by the reliability ratio 
of the difference between the time averages on the two 
steps. This is 2.15, which indicates 98 chances in 100 
of a true difference greater than zero. It is evident, 
therefore, that time to learn and trials to learn measure 
different aspects of the problem-box situation. The 
former record is more accurately to be described as an 
index of speed of activity whereas trials and errors con¬ 
stitute a better index of learning as such, That this is 



LIMITS OF LEARNING IN RAT AND GUINEA PIG 


341 


indeed the case may readily be seen by referring to the 
other arrays in Table 8. 

When the data on quadrants and plates are exam¬ 
ined, it is obvious that the rats were much more active 
on the second step than on the first. Not only did they 
traverse 2.60 times as many quadrants but they also 
depressed 3.56 times as many plates on the average in 
the second step. These increases in activity are clearly 
brought out in the arrays for quadrants per minute and 
plates per minute. For the 16.33 quadrants traversed per 
minute in the first step, there are 38.96 in the second, 
and likewise the number of plates depressed per minute 
increases from 2.65 in the first to 9.43 in the second step. 
All of the above increases are highly reliable, the 
chances of a true difference greater than zero being 
100 in 100 in each instance. In other words, as the 
rats became more familiar with the problem, they ran 
much faster and in so doing made more errors, thereby 
increasing the number of trials necessary to reach the 
norm of mastery. The variability for all measures of 
activity other than time also shows large increases in 
the second step. Another cause for the large activity 
records on the higher step is the dropping-out of fail¬ 
ures due to inactivity. Since each trial on which an 
animal failed because of the first type of failure lasted 
the maximum of 3 minutes, this would tend to increase 
the time and decrease the number of quadrants and 
plates in the first step. 

In view of the extensive discussion of direction of 
movement in white rats, it is interesting to note the re¬ 
sults given in Table 9. The data in this table give the 
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auniber of times that the animals ran completely 
around the food box without stopping at the correct 
plate although in such circuits they may have depressed 
one or more plates. It can be seen liiat the number of 
clockwise or left-going circuits in both steps is reliably 
greater than that for the opposite direction. These 
results are to be compared with those of Gcngerelli (3) 
and Yoshioka (19) on direction of movement in al¬ 
bino rats. The former investigator found that 79 and 
61 per cent of the groups tested manifested right-going 
tendencies. The latter experimenter found evidence 
of correlation of direction of movement with the direc¬ 
tion of curvature of the nasal bones. While the data 
found in the present experiment seem to be contra¬ 
dictory to those found by others, it must be borne in 
mind that the facts presented in Table 9 hold only for 
activity during complete encircling of the food box. 
Over 62 per cent of this activity took place in the first 
two-fifths of the learning period. During the re¬ 
mainder of the course of learning, the tendency changed 
toward movement to the right. The cause for this is 
undoubtedly the fact that the correct reaction in both 
steps involved the initial depressing of the right-hand 
plate. With increasing frequency of correct responses, 
there was manifested a change in direction favorable 
to the inception of correct habits. 

The percentages of total errors and total time in the 
successive tenths of the training period are given in 
Table 10 for the rats which learned the two steps, The 
derivation of this table follows the method for con¬ 
structing a learning curve as suggested by Vincent (IS) 
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TABLE 10 

Showing the Percentage of Total Time and Error in the 
Successive Tenths of the Total Trials to Learn the 
First Two Steps in Experiment I 


Tsntha o£ 
total trials 

PcTMUtagcof 
total time 

Percentage of 
total error 

Percentage □£ 

totol time 

Percentage of 
total error 

1 

2B 

35 

15 

22 

2 

19 

21 

12 

la 

3 

15 

U 

10 

12 

+ 

12 

9 

14 

11 

5 

9 

5 

10 

9 

fi 

7 

4 

10 

7 

7 

3 

3 

9 

a 

B 

3 

2 

7 

6 

9 

2 

3 

t 

4 

10 

2 

2 

6 

a 


and modified by Loucks (8). The first column repre¬ 
sents successive tenths of the total trials to learn the step 
and the other columns present the percentage of total 
time and total errors in each tenth of the learning 
period. It will be noticed that, in the first step, both 
errors and time show a typical decrease as the amount 
of practice increases. The data, if put into graphic 
form, would resemble tlie ordinary learning curves. 
In Step II, however, the time scores are much more 
nearly constant than they were in the first step and are 
radically different in trend from the error scores in 
the second step. That is, although learning is going on 
as manifested by the decrease in error scores, time does 
not show much lessening in amount. The total de¬ 
crease in time is 9 per cent, that for errors is much 
greater, being 19 per cent. This bears out in part the 
contention made in the discussion of time as an index 
of activity. It seems that as soon as practice has fa¬ 
miliarized an animal with the problem his speed of 
movement becomes more constant. 
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Summary 

1. The limit of learning for white rats was found 
to be the second step of the basic problem under the 
norm of mastery of 9 perfect out of 10 consecutive 
trials. Sixty-nine per cent of the rats learned the first 
step and 33 per cent of these mastered the second un^ 
der the norm described above. It seems likely, how¬ 
ever, that the limit of learning would have been higher 
than this under lower norms. 

2. The group averages show extreme variability. 
This was reduced markedly in the case of trial, time, 
and error scores by the omission of a few extreme cases. 

3. Trial and error scores were found to be better 
indices of learning than time whereas the latter fur¬ 
nished an adequate measure of activity. 

4. Rats were found to display marked activity dur¬ 
ing the problem. The activity increased considerably 
in the second step over the first as measured by the 
number of quadrants traversed and the muiiber of 
plates depressed. 

5. Under certain conditions white rats seem to show 
a preference for going to the left rather than to the 
right. This was noted especially in the circuit move¬ 
ments around the food box during which the correct se¬ 
quence of plates was not depressed. 



V 

RESULTS OF EXPERIMENT II 

This experiment consisted in the training of 30 male 
guinea pigs on the various steps of the basic problem 
described in the preceding chapter. The procedure 
throughout the experimental period was identical for 
both rats and the subjects of the present discussion 
except for the instances noted in the sections on methods 
and procedure (Chapters II and III). All scores 
found in Tables 11, 12, 13, 14, and 1S are derived in the 
same fashion as for the rats and are strictly comparable 
to those for the latter group. The meanings of the 
various terms in the tables are likewise the same for 
both groups of animals. The material reported in the 
present chapter is restricted to the data obtained from 
the guinea pigs as subjects. The comparison of the 
two classes of rodents with each other and with certain 
higher mammalian forms will be found in Chapter VI. 

Table 11 gives in detail the trial, error, and time 
scores of all of the guinea pigs tested on the first two 
steps of the problem. The norm of mastery, namely 
9 perfect trials out of lO, is the same as was used with 
the rats. It may be seen, upon inspection, that no 
guinea pigs learned the second step although 16 of the 
group successfully attained the norm on the first step. 
The limit of learning for guinea pigs is, therefore, one 
step in the apparatus used. Another fact which stands 
out is the large variability displayed in all of the in¬ 
dices shown in the table. The range in scores in Step 
I, foe the aalmaU which learned, was ftotu 53 to 407 
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trials, 43 to 840 errors, and 31 to 191 minutes. Cor¬ 
responding measures for the higher steps do not indi¬ 
cate learning inasmuch as no animals satisfied the norm 
of mastery on Step II and will hence not be discussed 
here. 

The same three types of failure were checked against 
the guinea pigs as had been found to occur with rats as 
subjects. The most frequent type for which any ani¬ 
mal was discarded was Type III which involved the 
inability to reach the norm in 700 trials. The next 
type of failure was that of inactivity for the duration 
of each of at least 100 trials (Type I). No animals 
were discarded in either step because of failure to de¬ 
press the correct plate or sequence of plates during 
continued activity on each of at least 100 trials (Fail¬ 
ure II), The number discarded for Failure I was 
smaller in the first step (21 per cent) than in the second 
(41 per cent). This indicates that, despite increasing 
familiarity with the problem and apparatus, explora¬ 
tory behavior diminished as the limit of learning was 
approached. The guinea pigs seemed to lose orienta¬ 
tion toward the plates and the rear of the box in in¬ 
creasing amount as they made continued incorrect 
responses. 

The number and percentage of the group of animals 
tested which successfully completed each step are given 
in Table 12. Only the data under Norm 1 will be 
referred to here since no animals which attained lower 
norms were actually advanced to the next higher step. 
It can be seen that S3 per cent of the 30 animals origi¬ 
nally used reached the norm on Step I and were passed 
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TAHLE 12 

Showing thl‘ Total Number of Guinea Pigs Used and the 
Number and Pl'rckntaoe Compj.etini; ICacii Stei* 
uNDijn, THE Three Norms of Mastery 


Norm 2 Is 9 perfect trials In a sequence uf 10, Norm 2 is 4 perfect 
trials in ti sequence of 5. Norm 3 is I perfect trial in a sequence of 2. 




Step L 

Step n 


Total number used 

30 

16 

Norm 1 

Number which learned 

16 

0 

FcreeiUagc which learned 

53 

Q 

Norm % 

Number ivliicli learned 

27 

9 

Fcrccntngc which learned 

90 

56 

Norm 3 

Number which learned 

30 

IS 

Percentage which lenrneil 

100 

9'1- 


on to the second step. Ftoih an examination of the 
other arrays in the table it appears likely that, had the 
criterion of mastery been lowered, the animals might 
have reached a higher limit of learning. 

The measures of central tendency and variability for 
trials to learn, errors, failures, time, and other records 
of activity are given in Tables 13 and IS. The upper 

TABLE 13 

Showing the Number of Trials to Learn, Total Errors, 
Errors per Trial, and Failures on the First 
Step op Experiment II 

The data for Step II arc oinittcil since the 16 ^lincn pigs which 
learned Step I all failed on the next higher step. Fdilnrc! I —com¬ 
plete inactivity over a period of 3 minutesj Failures II —activity 
over a S-minute period -without depressing the correct plate. 


Scores 

Range 

Median 

Averngc 

A,U. 

S.D, 

TtlaU 

S3-4Q7 

IS1.SQ 

1B5.50 

UQ.C9 

176,28 

Total errors 

43-a-tO 

1S3.50 

265.81 

1B3.87 

230.39 

Failures I 

0-25 

4.00 

B.44 

7.35 

9,21 

Failures II 

Total errors per 

0-10 

2.00 

2.61 

2.12 

2,66 

trial 

0,36-5.38 

.91 

1,5+ 

1.5+ 

1.B5 




LIMITS or LEAKNll^G 115 T^.AT AND ODWHA PIG 34-9 

ar^^ly in the first of these two tables gives the number 
of trials taken to attain the highest norm of mastery in 
Step I. The variability here is almost as large as the 
central tendency indicated by the average score. If 
the 3 animals whose scores are above 300 trials are 
eliminated, the range is reduced by 46 per cent and the 
variability is thus greatly diminished. In like manner 
the variability for errors, failures, and the other scores 
also depends upon a few extreme cases. The range of 
errors is reduced by approximately 50 per cent through 
the exclusion of the 3 guinea pigs whose scores are 
above 450. Failures I and II, iu this table, refer to 
isolated occurrences of the same types of behavior, for 
the repeated appearances of which animals were dis¬ 
carded. That is, the group which learned Step I made 
an average of 8.44 trials in which they displayed no 
exploratory behavior for the 3-miiuite duration of each 
trial. This is reliably greater than the number of trials 
in which the animals were active but failed to depress 
the correct plate within the limit of each trial (Failure 

The analysis of the total error array of Table 13 is 
given in Table 14. The order of diminishing fre- 


TAI3LE 14 

Showing the Frequency op Various Types of Errors on the 
First Step of Experiment II 


Types of 



Frequency 

cirora 


Average 

pec trial 

Omission of plate 

1 

16S.3H 

0,91 

ncpi'cssion of 

jilalG 2 
plate 2 

19.OC 

21,75 

0.10 

0.12 

Delay at door of 

food box 
entrance box 

23,25 

2.06 

0.13 

0,01 
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quency of the various types of error is as follows: (tz) 
□mission of plate 1, (6) delay at the door to the food 
box, (c) depression of plate 3, (e/) depression of plate 
2, and (e) delay at the door to the entrance box. Among 
the varieties of incorrect responses which appeared so 
rarely ns to make diMcult their inclusion in the table, 
the most frequent was chewing or gnawing at the wire 
mesh at the rear of the food hox, that is in quadrant 
B, Other such infrequent errors were standing on the 
hind feet with the forefeet resting on the wall of the 
inner cage, refusal to enter the open door to the food 
box after depression of the correct plate, "freezing" 
(which refers to the cessation of behavior by an animal 
for a short space of time), and chewing at the wall of 
the outer cage. These arc listed in the order of de¬ 
creasing frequency, the range of occurrence being from 
10 to 1. The interpretation of these errors is essen¬ 
tially the same as that given above for rats. 

The various measures of activity arc given in Table 
15. Those which deal with amount rather than direc- 

TADLE 15 

SiiowiNa TUB Time, Amount, and DmiicriON ni* Activity on 
TUB First Step of Experiment II 
Ti)c (Inta far Step II nrc omitted since the 16 ['uinuii pit's wliicli 
IcArncd Step I all failed on the next higher step, Clockwise and 
counlerclockivise refer to the number of complete circuits around 
tile food box’ in each of the directions indicated. 


Time ond acllviiy 

Ranee 

Median Average 

: A.]). 

S.D. 

Time in ininuleB 

40-191 

74.40 

83.211 

39,19 

49.10 

Qucidrani.1 

Z6l~l9S2 

940.00 

1098.19 

542.21 

679,39 

Plntea 

6i-yi7 

IfiB.UO 

217.B8 

103,97 

130.27 

QtiddrflrXs per mlii. 

J.44-i+.20 

II.J9 

15.99 

H.'IZ 

10.55 

Platca per min. 

.80-9.72 

2M 

1.11 

1,24 

1.55 

Clockwiae circuit 
Counlerclackwiae circiiii 

4-liB 

1-58 

21,00 

7.50 

2!1.19 

14.25 

20,7fi 

11,59 

21i.01 

14.52 
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tion of movement are found in the arrays above the 
central vertical line. From a general examination of 
the data presented in the upper arrays, it can be seen 
that the guinea pigs as a group manifested considerable 
activity. A good indication of this may be had by 
comparing the average trials to learn with the average 
time scores. This shows that the average time per 
trial was 0.45 minute. When time scores are thus 
compared with trials and errors, it becomes apparent 
that, just as was the case with rats, time represents a 
better index of speed of activity than it does of learn¬ 
ing. This is also brought out in the number of quad¬ 
rants traversed per minute. An average of almost 16 
quadrants was traversed per minute and yet, during all 
of the activity, only 3,11 plates were depressed. The 
ratio which would occur were an animal to enter all 
quadrants and step on all plates would be 4 quadrants 
to 3 plates, As learning proceeded to the point of 
solution, this ratio would be reduced to 2 quadrants to 
one plate. That is, the guinea pig would have to move 
through the front quadrant and into the one containing 
plate 1 before depressing that plate. The guinea pigs 
actually traversed an average of 15.99 quadrants to 3,11 
plates, a ratio of 5.14 to 1. This indicates an excess of 
activity not directed toward the depressing of plates 
and thus not conducive to the establishment of behavior 
favorable to solution. 

The lower arrays show the amount and direction of 
activity during the continuous encircling of the food 
box within a single trial. In such cases, the guinea 
pigs ran around the inner cage, without depressing or 
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even stopping at the correct plate or plates. It can be 
seen that there is a slight tendency for left-going move¬ 
ments to predominate in these situations. That this 
indicates a preference for left-going is a conclusion 
which cannot be drawn from the data at hand. The 
type of behavior noted in 'I'able 15 docs not repre¬ 
sent all of the starts in cither directum that were made 
by the group. It is, however, suggestive of the neces¬ 
sity of investigating directional choice when the re¬ 
ward is placed between the two pathways and not at 
the end of an apparatus. 

'rAHLE 16 


SllOWlKO THU PlillCI-NTACC OF TotAL TiMU ANU KrKoII in THU 
Succiissivij TiiNtmi of tiiu Total Trials to lyUAUN 
Till! First Stup of Exferimunt U 


Tunllij) ot 
mini irinl.H 

Ferceiiujre uf 
toul llllli! 

I'crctiuiini; (if 
(irnir!) 

1 

2a 

22 

2 

IH 

Ui 

1 

14 

12 

4 

a 

1(1 

S 

f, 

ij 

G 

1 

III 

7 

s 

a 

6 

s 

s 

9 

4 

4 

10 

5 

4 


Table 16 gives the data for the percentage of total 
errors and total time in the successive tenths of the 
training period for the 16 guinea pigs which learned 
Step I, The table, which was constructed along the 
lines of Loucks’ modification of the Vincent learning- 
curve method, is similar to that discussed in connection 
with the corresponding rat data. 'Fhc scores in the 
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table represent the percentage of the total time and er¬ 
rors which is to be found at a given point in the acquisi¬ 
tion of the habit. It will be noticed that, whereas time 
becomes practically constant after the first three 
tenths, the error scores continue to decrease and do not 
become constant until 90 per cent of the total trials have 
been given the group. The fact that the successive error 
and time scores show these discrepancies may be taken 
to indicate that both records are not measures of the 
same phase of the learning process. Error scores may 
be considered as measures of the pattern formation here 
studied while time is a measure of activity. 

Summary 

1. The limit of learning for guinea pigs was found 
to be the first step of the basic problem under the norm 
of mastery of 9 perfect out of 10 consecutive trials. 
Only 16 of the 30 guinea pigs tested met this condition. 
It seems likely, however, that the limit of learning 
would have been higher than this under lower norms. 

2. The group averages show extreme variability. 
This was reduced markedly in the case of trial, time, 
and error scores by the omission of a few extreme cases. 

3. Trial and error scores were found to be better 
indices of learning than time whereas the latter fur¬ 
nished an adequate measure of activity. 

4. The previous findings of Nicholls and others on 
the great amount of activity manifested by guinea pigs 
were borne out by the number of quadrants traversed 
and the speed of movement shown in the apparatus. 
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5. Under certain conditions, guinea pigs seem to 
show a preference for going to the left rather than to 
the right, This was noted especially in the circuit 
movements around the'food box during which the cor¬ 
rect sequence of plates was not depressed. 



VI 

COMPARISON OF TYPES 

Rodents 

From the facts presented in the two preceding chap¬ 
ters, it can be seen that white rats are able to reach a 
higher limit of pattern-habit formation than guinea 
pigs. The limit found for the former group was the 
second step, that for the latter the first step of the basic 
problem. The number of subjects tested and the rec¬ 
ords of each group on the various steps are given in 
Table 17. The data for the three norms in Step I 

TABLE 17 

Showing Tiiii Total Numdea of Animals Used and the 
Numdeh. and Pekcentage Comi'leitng Each Step under 
THE Three Norms of Mastbrv in Experi¬ 
ments I AND II 


Nor;fi f is 9 perfect trials in a sequence of 10. Norm 2 is 4 per¬ 
fect trials in a sequence of 5. Norm J is 1 perfect trial in 
a sequence of 2. 




Step I 

Step 11 

Step III 




Guinen 


Guinea 


Guinea 



Rats 

pigs 

Rata 

pigs 

Rata 

piga 

Total 

number used 

35 

30 

2+ 

16 

B 


Norm 

, Number which leurncd 
Percentage which learned 


16 

i 

0 

Q 


69 

53 

33 

0 

0 


Norm 

Number which learned 

3+ 

27 

U 

9 

3 


* Percentage which learned 

97 

90 

5H 

56 

3B 


Norni 

Number wliicli learned 

35 

30 

24 

15 

B 


Percentage tvliich learned 

100 

100 

IQO 

94 

100 



represent actual learning scores under these criteria. 
That is, the various arrays give the data incidental to 
learning under norms of 9 perfect trials in 10, 4 perfect 
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trials in 5, and 1 perfect trial in 2 consecutive trials. 
The lowest criterion is included here for the sake of 
completeness but, since it is so greatly affected by 
chance success, it will be omitted from tlic present 
discussion. 

A comparison of the results shows that the higher 
norm was more selective in the case of the guinea pigs 
than in the case of the rats. This is true whether we 
consider absolute or relative percentages. A larger 
percentage of rats than guinea pigs learned both steps 
under both norms. However, more of the guinea pigs 
were eliminated in both steps by the use of the higher 
norm than were rats. The percentage of the former 
group thua eliminated was somewhat greater than for 
the rats in Step I, and more than twice as great in Step 
II. It should be noted, however, that the values for 
the lower norms in Step II were computed only after 
the animals had actually attained Norm I on Step I. 
It seems likely, therefore, that sonic of the gtiinea pigs 
might have mastered the second step had the lower 
norm, been used. Moreover, under the same condi¬ 
tions, it is probable that some of the rats would have 
advanced to the third step. This shows that the limits 
found for the two types of rodents were not a function 
of the specific norm of mastery actually used, i,e., 9 
perfect out of 10 consecutive trials. 

The data in Table 18 show that in the easier task 
(Step I) the guinea pigs are superior to the rats in 
terms of total trials to learn, under both norms, A 
similar tendency was shown in the total error and time 
scores. This contention is further corroborated by the 
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TABLE 18 

Showing the Influence of Different Norms of Mastery 
ON THE Learning of Rats and Guinea Pigs in 
Terms of Total Trials 

'Morni 7 is 9 perfect trials in a sequence of 10. Nann 2 is 4 per¬ 
fect trials in a sequence of 5. "Norm 3 is 1 perfect trial in a se¬ 
quence of 2i Norm 1 is omitted in Step II because no guinea pigs 
attained tliat degree of mastery in 700 trials. 


Norm 

Group 

N 

Range Median 

Average 

A,D. 

S.D. 

1 

Rats 

Guinea 

24 

pigs 16 

Stef 

S0-4S1 

53-407 

I 

196.00 

151.50 

221.04 
IBS,50 

99.97 

110.69 

125,26 

176,28 

2 

Rata 

Guinea 

34 

pigs 27 

1Z-65D 

21-515 

1B8.5D 

13H.0O 

223.DO 
169.60 

115.69 

90.32 

144.50 

113.79 

a 

Hats 

Guinea 

35 

pigs 30 

5-204 

2-20B 

73.00 

39.00 

72,11 

57.28 

37.32 

41.19 

46.76 

51.62 

2 

Rata 

Guinea 

14 

piga 9 

St^P 

62-517 

27-406 

II 

22Q.7S 

248.00 

226,39 

257.00 

104,36 

117,33 

131.41 

147.01 

3 

Rats 

Guinea 

24 

pigs 15 

1-204 

4-272 

54.50 

70.DD 

5B.66 

86,00 

35,45 

52.78 

47,38 

64.06 


fact that 69 per cent of the guinea pigs under Norm 1 
and S2 per cent under Norm 2 required fewer trials 
to learn than the median rat. 

The relative efficiency of learning for the two types 
of rodents follows the reverse trend, however, when the 
more difficult task (Step II) is considered. The facts 
under the higher norms are omitted in Table 18 since 
none of the guinea pigs acquired this degree of pro¬ 
ficiency. In Step II, 60 per cent of the guinea pigs 
required more trials to learn than the median rat under 
Norm 2. Similar results are obtained from the com¬ 
parison of total errors and time. As the problem set 
approaches the limit of learning, it becomes relatively 
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more difficult to master, requires more activity and in¬ 
volves more errors. 

In addition to the learning scores, dilTerenccs oc¬ 
curred also in activity and other types of behavior. 
The latter were chielly qualitative in nature and there¬ 
fore difficult to tabulate and treat statistically, 'Phese 
may be classilied in two ways: (rt) behavior leading 
to solution and (b) behavior detrimental to solution of 
the problem. Under the first heading arc included 
such types of activity as sniffing at the plates, depressing 
the plates with the forefeet, with the hind feet, and the 
establishing of definite quadrant habits. Under the 
second heading are found behavior disturbances, ces¬ 
sation of activity, mechanization of responses, and the 
fixation of incorrect habits. With reference to the 
first of the subtypes of activity leading to salution, it 
was noticed that in 87 per cent (if the trials the rats 
sniffed at one or more plates whereas the guinea pigs 
exhibited equivalent behavior in only 2B per cent of 
the trials given them. Whether this indicates that ol¬ 
faction is better in the former group than in the latter 
cannot be establshed from this experiment. As far as 
can be found from examination of the literature con¬ 
cerning smell in the two types of rodents, there is no 
definite evidence of difference in olfactory sensitivity. 
The data on this receptor capacity arc scarce and when 
found are not consistent. Liggett (7), in a careful 
study of olfaction in the white rat, finds it to be poor 
Under the conditions of his research. Ncurfilogically, 
the olfactory equipment of the two groups of rodents 
seems to be about equal. In view of the abscjicc of in- 
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formation on the role of smell in the learning of guinea 
pigs and the conflicting evidence in rats, it would seem 
that the data on sniffing in rats represent merely a dif¬ 
ference in the frequency of employment of this sense 
modality in exploratory behavior and do not prove the 
existence of differential sensitivity. 

The rats were also much more likely to depress the 
correct plate or plates with the forefeet or the hind 
feet alone than were the guinea pigs. That is, the 
former group of subjects more frequently stepped on 
a plate with either pair of pedal appendages alone than 
with the entire body. The guinea pigs, on the other 
hand, showed no evidence of this type of short-circuit 
behavior. They ran on to the plates and depressed 
them with the weight of the entire body just as fre¬ 
quently as they used the front or the hind feet. In 
general, these results for the guinea pig seem to bear 
out the findings of Muenzinger and his collaborators 
(10, 11) on plasticity of behavior during long contin¬ 
ued practice periods. These investigators found that 
guinea pigs tend to maintain great variability in the 
specific methods by which the problem was solved 
despite the fact that they were given 600 to 1000 trials 
in which to mechanize the mode of attack. 

The most noticeable differences between the two 
groups appeared in the behavior disturbances of the 
second class described above. In general, guinea pigs 
were more likely to manifest irritability and disruption 
of activity than rats. On certain occasions the former 
animals would seem to become immobile. This 
"freezing” of the subjects involved rigidity of the body 
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with the head fixed in the direction of movement and 
breathing markedly retarded in frequency and depth. 
Such cessation of activity took place under many con¬ 
ditions. It was most apt to occur when such infrequent 
extraneous noises as the dropping of a pencil or the 
shifting of the experimenter in his chair impinged up¬ 
on the subject. However, auditory stimuli were not 
the only causes of this behavior. When the animals 
were touched by the door to the entrance or food box 
as it closed behind them, at the change from Step I 
to Step II and under other similarly novel or unusual 
circumstances, the same disturbance was noted. Rats 
did not manifest any behavior remotely resembling 
this "freezing” of the guinea pig although the same 
incidental stimuli giving rise to it, in the case of the 
latter group, were also present for the rats. It was 
thought, at first, that a partial explanation of this 
phenomenon was that rats were not as susceptible to 
auditory distraction as were guinea pigs since the 
cochlea of the latter turns 5 times about its axis as com¬ 
pared to 2.5 times in the case of the rats. No evidence 
is found in the literature covering audition which can 
be adduced to settle this point. "Wever (18), in a study 
of impulses from the auditory nerve of guinea pigs and 
rats, finds no differences in his subjects either in the 
tones to which responses were obtained or in the reac¬ 
tion to the human voice. Hetington and Gundlach 
(5) in a recent study of auditory sensitivity in the 
guinea pig find that their results are approximately 
equivalent to those obtained by Wever, None of the 
studies cited, however, have investigated the range of 
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audible tones or sounds, tt is possible that the guinea 
pigs were responding to stimuli beyond the limens for 
rats. In general, the trend of the differences tends to 
show that guinea pigs are more easily distracted than 
rats and that they respond to unaccustomed stimuli by 
"freezing,’’ a type of behavior disturbance not found 
at all in the animals of Experiment I, 

It may be argued that some of the differences 
brought out in the preceding discussion are due to the 
differential maturation rates of the two groups of ro¬ 
dents. Figures 6 and 7 show the time at which certain 
characteristic types of activity appear in these closely 
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STREAM OF BEHAVIORAL REACTION 



Showing the Time after Rirth When Different Elements 
OF A Rat’s Behavior Make Their Appearance 
Activities whicli come in gradually arc intlicated by a sloping line, 
(From F. Tilney) 
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Showing tuu Timk AFriiR JIikth Wi-ikn Diih'kri'nt ICm-munts 
OF A Guinea Pig's Bihiavioji Maku Tiiimr Ai-imjauance 
Activities which come in gradunlly arc iiidknicd by a ^lopinf; line. 
(From F. Tilncy) 


related animals, The figures are drawn from the 
very careftil work of Dr. Frederick Tilney, of the 
Neurological Institute, New York City. It will be 
seen that guinea pigs are quite mature at birth or very 
shortly thereafter whereas rats require some time be¬ 
fore arriving at an equivalent stage of development, 
However, an attempt was made in the present experi¬ 
ment to select animals which were at approximately 
the same level of maturation. This, as may be seen 
in Figure 5, was accomplished by considering as vari¬ 
ables to be equated the relation of age to weight and 
to the point of sexual maturity. It is not contended 
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here that the equation of the two groups is perfect but 
it is merely the best that can be done considering the 
absence of complete growth curves for the animals. 
It seems unlikely, therefore, that differences in be¬ 
havior could have been due in any way to differences 
in the ages of the types tested despite the fact that the 
guinea pigs did average older than the rats when they 
came to Step II. Even at the age at which the guinea 
pigs were when they reached Step II, they had not as 
yet completed their growth in terms of age-weight re¬ 
lations and were approximately at the same part of the 
curve as were the rats. This can be seen from, inspec¬ 
tion of Figure 5. 

Higher Mammalian Forms 

As was mentioned in the introduction to the present 
study, research using the same apparatus has already 
been published by Shuey (13) on kittens and the re¬ 
sults of the work with rhesus monkeys by Fjeld are 
to appear shortly in this series. Although the detailed 
comparison of various indices of learning for species 
differing widely in sensory equipment may not be 
highly significant, the comparison of limits of learn¬ 
ing reached is certainly of great interest in compara¬ 
tive psychology. Of the mammalian forms tested thus 
far in this laboratory, the rodents have attained the 
lowest limits (one step for the guinea pigs and two 
for the rats). Kittens reached Step VII while mon¬ 
keys extended the limit to Step XXII. These results, 
taken together, indicate the possibility of establishing 
differential levels of intelligence among mammalian 
forms when tested on identical tasks. 



VIL SUMMARY 


1. The limits of learning were determined in the 
Jenkins problem box, which provides tasks of increas¬ 
ing complexity without involving a different type ot 
response, for two groups of animals, one containing 35 
white rah and the other 30 guinea pigs. 

2. The limit for rats was found to be the second 
step of the basic problem and that for guinea pigs to 
be the first step when the norm of mastery was 9 per¬ 
fect trials in a sequence of 10. The same relative 
difference holds when the data are computed on the 
basis of a lower norm, i.e., 4 perfect trials in a sequence 
of 5. 

3. The scores were extremely variable, the scatter 
being slightly wider in the case of the guinea pigs. A 
high percentage of the variability was due to the in¬ 
fluence of a very few atypical animals in each group. 

4. Although the guinea pigs were not able to 
master Step II, they succeeded in learning Step I in 
fewer trials and errors, and in less time than the rats. 

5. The guinea pigs were found to be more sensitive 
to extraneous stimuli, particularly auditory, than were 
the rats. 

6. The limits for rodents are extremely low as com¬ 
pared with those for kittens (Step VII) and for 
rhesus monkeys (Step XXII) on similar tasks. 
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LES LIMITES DE L'APTITUPE A APl’RENPRE CllEZ LE RAT 
DLANC ET LE COCHON D'lNDE 

(lUiumi) 

On a fait I'cxp^rience dans tc but de determiner lee limiles dc rDpprciuia- 
BQga chez deux groiipcB de roiigcuri dsna dca tficlica dont on n pu ougmcnicr 
la campleKil6 Bann all6railon du type de riponae rCriuiae pour la r^Holiiliqn. 
Lea sujcia ont 35 rata lilnnu mAlce, penani de 80 A lOD grammes, cl ^0 
cochons d'liidc mflica, pea ant de 380 A >100 gmmniea. L'apiinrcil, la llGlie 
d FroblAmca de JciikiuH, ac cainpaie d'une UoUc d'cnir^c cl de deux cagea 
circulairca cunccntriquei, dont in plui pelice tojiiiciii Ic aiimulniit. En* 
foncfcB au niveau du plancher cnlrc lea deux engea circulairca aont irois 
plaques, d'un diani^irc ilc 15 ccntimAlrci, eapaefes de sorie qu'l) reale 15 
ccntlin^trcB dc clmquc cdi2 cl que leuri ccnlrei Bunt lea cenirca de iroja dcs 
q-UAtre quaiirnnis qui enntpaaent U plnncher dc In plus grande cage. Le 
prneddi pour lea deux types de rongcuri n lij Ulcniiipic aauf en (nni que 
i'^quaiion dca groiipcs a n^ceaaiid In vnriDlioi) dca nliincnia servant dc 
Btimulanis, etc. Lea lAches donndea aiix aujcis ic soni cunipoafica il'apprcndrc 
h diprlmcr tine au plus de ces plaques dniia I'ordrc de aucccasipn donn^ 
par i'experimentateur. I/oritre des diveraea lAchca a prcmi^rcniciii, In 
depression dc la plaque A drolie (EUpe I), enautic la d^presBion dca plaques 
A. droltc ct par derrlArc (Eupe It), cl cnfin, U il6prc&sion des plaques A 
droite, par derrlArc, ct A gauche (Einpe HI). AiiaaitiJt que I'niiimnl Aialt 
arrivS A In normc de mnitrise de 9 Apreuves parfaites mir line succession 
de 10 dpreiivca sur line ^tape, qu I’b fait passer A I'Alapc siipAricurc, Si 
un atijet n'a jioa t^ubsI A apprendre dona 700 Aprciivca, on I'a AlIininA d 
I'oD a notd qit'il cat ariSvA & bq limitc. On q d61ini uric Apreuve pnrfn'ito 
comme Celle oil I'nriimal cat alle dircctement A la plnrjuc ou A Iq succcaaion 
dc plaques qu'il fniit et s'est arcclA aur la dcrniArc dc In auccciaion sons 
montrer nucunc indicailou de passer aux plnquca non cainpriaca dims I'Atnjie 
Atant apprific. 

La liinhc trouvfn pour lea rats a la deuxiAnic Ainpc cl ccllc pour Ics 
cochons d'Indc In prcinlArc Atnpe dxna I'niipnrcil employ^, (|iiniid la nornic 
do mnlttisB a 6iA 9 tprciivcs purfaltcs aur unc sueccaHion de 10, I.n mcme 
diffdrcncc relative entre lea grntipea ac monlrc qtianil on cnnipuie Ics donnSc.i 
sur la liQic d'une normc UifArieuce, c'esi-A-iilre, <1 dprcuvcti pnrfaLies sur 
5 consiculives, Lea deux groiipea de ronj;cufH oni ninnir^ line vnrinlillil^ 
extreme dans Ics dprciivcs de i'npprcnlissnge, ilnilH lea crrciira el In diiric 
oinai que dan,s idles mtaures de I'ncilvUA que le nninlirc dc plnquea dc- 
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primdea ct de qiidilranta traversfiH. Bicn que Ics cochona d'lnde n'nient pu 
aprencirc VEtape II, ila ont rcuaai h apprendrc I'Etapc I en moins d'eprcuvca 
et moiaa de tcmpa qiic lea raU. On a notd divcrscg diffi5i'ciicea qiialitfltlves, 
surtout daui la Bcnaibilili dea deux groupcs aux alimuli extdricura, Lea 
limitES pour lea rongeura ont irea infdricurs comimr^ea i cellea pour 
Ics chatona (Elnpe VII) el pniir Ica Hinges rli^aua (Elnpe XXII) aur des 
laclica scmblables, 

RiE.sa 


DIE GRENZEN DER LERMFAHlGKEIT BEI WEISSEN RATTEN UND 
MKERSCHWEINSCHEN 

(KcFerat) 

Das Zlcl der UntcisiichimK war die Bealiminung tier Grenzcii der Lern- 
fahigkeit bei zwei UriippeO von Nngcliercn, an Aufgaben deren Kotn- 
plizlerthelt ohne Anderung der 2 ur Loaung erfordcriicheii Reaktionsart 
gestcigert werden keirmie, Als Vcrsucliaiierc dienten 35 miinnliche Albino- 
rnlten, die '/.wiaclien liU kind lUU Grnmiii wogen, imd 30 iniinnliche Mecr- 
.sclnveiiiclien deren Gewieht aich zwiselien 380 und 400 Gramm eratreckte. 
l)aa Apparat—der Aiifgnbeknaten von Jenkins [Jenkins Problem Box]—be- 
alelit alia eineiii Eiiitrittskasten [entrance box] und zwei konzcntrisclien run- 
den KIlllBcii von dciien dei- kleinere die Anapornung [iiiceiitivc] enhiilt. Mit 
dem Boclcn in glcielicr Elienc liegend linden aicli zwisehen cicn zwei riindeii 
Ktlfigeu drei IMalteu, IS Zcndmelcr lireil, die ao angcordnet aind daaa zu 
jeder Bcite 15 Zcntiincter iibrig lileilien, so dnas die Miitelpimkle dieser 
iMatten die MiUclpiiiiklc von drei der vier, den Boden des grusscreii Kiiligs 
bildcndcii Qundrnnien nuHinnchen. Das Verlalircn war bei den beiden in 
Anapnicli koininenden Arten der Nagctierc fast dns glciche. Nur die 
zui' Glek'luing der bcUlea Gnippen noLigen Dnierscliicde in Bcziig nuf dns 
als Anapornung dicnende Puller, u<h.w., wurden cingcfuhrt, Die den 
Vcrsiichsticren vargelcglcn Aufgnlicn beatnnUen dnraus, dnas die T'icre 
lernen inusstcn, einc odcr mcbrerc dieacr Flotten nledcrzildriichcn, in Anord- 
niingen [acqucncca], die von deni Vcrsuclialciicr bcstiiniiU worden wnren, 
Die Rcibcnrolgc der verscliicdcnen Aufgaben war folgeiulc: Zneiat inusate 
die rechts licgciulc PIniie nicdcrgcdriickt wcJ'dcii (Stiifc I), dnnn die 
rcclits liegcndc und die binten iiegende Flalle (Sttife II), und schlicssliclit 
die rechlH liogendc, die liintan licgGiide, und die links liegcndc Finite (Stiife 
III). Sobald ein Tier die Norm der perfekten RemEvsiervmg von 9 aus IQ 
nufeinnnderfolgciulen Pralieii aiif einer SUifc crrciclit hatte, wurdc cs aiif 
die niichsl liflhcre Slufe prumuviert. Halte ein Tier 700 Proben diirchgc- 
mnclit (lime zii lernen, sn wurdc es von der Versuchen nusgcsclialtct. Die 
letzte bcwiiltigtc Stole gait nis die Grenze der Fiilugkelt [limit of nbility] 
des in Anappiicli kniiimendcn Ticres. Als eiiie FchlerlD.R uberatandene 
Probe [a perfect trial] gnlt einc Probe in der das Tier dirckt aiif die 
riclilige Finite oclcr nuf die ricliligen Plallcli in der rlclitigcn Hcilicnfclge 
zuging und nuf der letzten Pintle der Scric inncliicll, oliiic die gcringstc 
Ncigiuig zu cnvci.icii, zu aiulcrcn Plnltcn liiiizugcliun, die niclit auf der 
zu licincsLcriuIen Slufc lagcn. 

Die fiir Rnllcn cnniltclte Orenze [linill] war die zAvclte Slufc und die 
fiir Mccrscluvcineben criniUellc die crslc Slufe in dem vcrvvciulelcn Appainl, 
wolicl die IlcincI.Nlei'ung.snurin [norm of mnslory] die ricblige Ausfuhriing 
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von 9 Qud 10 nufciimnilcr/ulKenden Prnbcn beirug. Eg licstchcn reUlive 
die selben Unierschicdcj wcnn die Ucluitde auF Uaiii (^inc^ niedrjgcreQ 
Norm—4 aua 5 nufcinondcrfalgcniien Prabcn—'licrcchnci. Ilcicic Gruppen 
von NngeLicrcr) crwicaun cine niarkc Varialiiliiut ih ]lc7.ug nnf die Zahl 
del zur llGnieinterung ndligen Vtirsuche, Zalil der Fcliicr, und ZeUvcTwnnil. 
Dicac Unbealiindigkcit [varlabillly] aeigle lich auch in liezug Q\if Mauala- 
ben der Lcbhnfiigkeit [nciivliy], wie iiim lidisiiicl die Zqhl dcr iiicdergc- 
dciickten FlnKen uiul die dcr driichkreuxien QnadrniUcn. Oliwobl die Mcqr- 
achweinclien die Stufc 11 zii bcmeUlcrn niclit iin iSlniidc vvnren, geinng ea 
ihnen jcdocli, die Slufe 1 in wenigeren Vcraiichcn unii mil gcringeretn 
Zcilvcrwondi ah die KnUciij zi) crlcrnrHi Ks Keigun flich aucli vcracliicdcnc 
qualitniivc Unicritchicdc, bCRoiidcra in Bezug Ruf die rclaiivc Einplincllich- 
keit dcr beiden (rnippen iiuRaerlichen Kcv/cn gegcniilier. Die crmitleltcn 
Grcniaeii dcr Fiihigkeit dcr Nngciierc erwieacii aieli im Vcrghich mil den 
on Katzchen vind an Mncncus rhesiia Affcn ntU iilinlicbcn Aiifgnben crmit¬ 
leltcn nia achr niedrig. (KHlzclien hnben Slufc VII und Macacua Aden 
Slufc XXII erreiebt.) 


RlEsa 
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van 9 Dud 10 Dufciiianderfulgenden Prolieii bcirug. Eg bcalchcn rclolivc 
die Bciben Unicriclilcdc, cretin nian die He/undc niiF DniiB cincr niedrigeren 
Narm—4 aus 5 auFciiiandcrfalgetidcn I'robcn—licrcchticu llcide Grui^pcn 
von Nageiieren cnvicgeil cine sintke Variabililiit in liczug niif die Znhl 
tier zur ncmciatcrung nSijgcn Vcnuclie, 2£ahl der rdiler, uiid Zchverwond, 
llieac Unbesliittdigkeit [vnriabiliiy] steigie lich in ISe/iig nu( MagBita- 
ben der Lebliofligkeii [nciiviiy], wie zum lleigpiel die Znlil der niederge- 
driickien PIniien uiiii die der druchkrcuzicii Qiindranien. Ulnvalil die Mci;r- 
Bch^Te[ncltcn die Siiifc II zu bcmciiiern nlchl im Shinde warcji, geUng ei 
iliiicii jcdocli, die Siuife 1 In wciiigcren Verguchcii iind mil gcringcrem 
Zeitverwand, ala die Rniien, 2 u crlerncn. Pg zcigicn gich ducIi verBclilcdenc 
quniilnlivc Unicrschicde, licsondera in liczug atif die rclnlivc UmpfijidlicK- 
keit tier bcldcn Grupiicn iiugaerlichcu Reizeu gegenuber. Die crmiltclten 
Grenzen der Filliigkcit der Nagciiere erwiegen nidi iin Verglcich mil: den 
an Kntzchcn und an Mocncus rliegua Aden mil dlinliclicn Aiifgnlicn crinit- 
leltcn qIs aclir niedrig. (Kiilzchen liaben Stufe Vil und Mncaciin AITcn 
Stufe XXII erreicht.) 

RlBga 
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I 

INTRODUCTION 

Many fascinating anecdotal accounts of the be¬ 
havior and accomplishments of primates bespeak the 
interest with which man observed these animals long 
before laboratory methods of study had come into use. 
In addition to their purely literary and entertainment 
value, these stories have to some extent suggested prob¬ 
lems for laboratory solution. They have raised questions 
as to the intelligence and learning ability of primates 
as well as to their emotional and social life. Problems 
related to learning ability of the smaller monkeys have 
been attacked from a variety of angles since the turn of 
the century. These investigations will be briefly sum¬ 
marized here. However, studies of imitation and de¬ 
layed reaction will not be touched upon. 

Problem-Box Experiments 

Thorndike, doubting much of the current interpre¬ 
tation of animal behavior, carried out a series of pio¬ 
neer experiments, using first cats and dogs (29) and 
later monkeys (30) in a variety of problem-box situa¬ 
tions. His primary interest was to determine how the 
animals learned, i.e., whether they learned by “trial 
and accidental success," by imitation or by the use of 
ideas. He was to a lesser extent interested in what 
they learned and how rapidly they learned it. For his 
primate subjects, he obtained three young cebus 
monkeys. Of the thirty-five different contrivances 
which he used, twenty-five were of the problem-box 

[375] 
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type, eight were mechanisms so arranged that by certain 
manipulations food was thrown down a chute into the 
cage, and two were drawing-in devices. In the fol¬ 
lowing summary of Thorndike’s results, the general 
type of apparatus used is indicated in the column 
headed "Problem" by B, C, and D, meaning problem 
box, chute, and drawing-iii device respectively. 


Problems (in order 
of presentation) 


Subjecla Siilijecla Subjects 

Icatcd failed succeeded 


1 D String 

2 13 Bolt 

3 B Single bnr 

4 B Double bar 

5 B Hook, left side 
d B Hook, right side 
7 D Two hooks 

B B String and nail 
9 D Sirin? box 

10 D String box 

11 B Wood plug 

12 B Wood pliigi book and bar 
11 B Null plug 

14 B Plug fit aids 

15 D Bar inside 
Id E Bar outside 

17 B Push bar 

18 B Hook at left 

19 B Nail plug, hook and bar 

20 B Calch at buck 

21 B Dolt, side plug and knob 

22 D Bolt on right 

23 B King at back 

24 C Push bar 

25 B Wire wound three times 

around screw 

26 B Push bar 

27 C Turn bar 270“ 

28 B Side plug 

29 C Turn bar revolutions 

30 C Nail plug 

31 B Lever 

32 C King 

33 C Hook 

34 C String loop 

35 C Wire loop 


1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1, 2, 3 Ij Z, 3 

1. 2, 3 1, 2i 3 

1, 2, 3 i, 3 2 

1. 2, 3 li 2. 3 

1 I 

2, 3 2, 3 

1, Z, 3 1, 2, 3 

1, 2 1, 2 

li 2, 3 1, 2, 3 

1, 3 1, 3 

1, 3 I, 3 

li 3 1. 3 

1, 3 3 1 

1, 3 1 3 

1, 3 3 1 

1 , 3 1 . 3 

1, 3 3 1 

1. 3 i, 3 

1, 1 1, 3 

1, 3 I 3 

3 3 

1 I 

1, 3 3 


1 
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This summary merely shows whether the subject fail¬ 
ed or succeeded. Number of trials is not given since 
there was no uniformity of procedure. In a few cases re¬ 
peated trials were given even though the animal suc¬ 
ceeded on the first trial, while in many instances only 
one trial was given regardless of success or failure. 
The time of the failure trials ranged from five to sixty 
minutes, the usual time being either five or ten minutes. 
In no cases were more than four failure trials recorded. 
The results indicated distinct superiority of the mon¬ 
keys over the cats and dogs which had previously been 
tested on many similar devices by the same experi¬ 
menter. Thorndike concluded however that, although 
there were steep drops in some of the learning curves 
and almost immediate learning in certain cases, learning 
was essentially of the trial-and-error type, there was no 
indication of reasoning and not sufficient evidence to 
prove the existence of ideas. 

Following up Thorndike’s work, Kinnamaii (IS) 
made use of a variety of problem-box, chute, and 
string-box situations to test two Macacus rhesus mon¬ 
keys, one male and one female. However, most of the 
data were obtained with the male since the female 
worked very poorly much of the time. As in nearly 
all of Thorndike’s box experiments with the monkeys, 
the food was inside the box and the animals were on the 
outside. The various devices used by Kinnaman were; 

A, Simi^lc fastenings for box 

1 Tliumb button (30-degree turn) 

2 Hook (verticsil) 

3 T-liitcli 

4 holt 
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5 Strinff (wound around screw) 

6 PluR 

7 Lift-latcli 

8 Piisli'bar 

9 Ilcar-clown latch 

10 Strin^f niul bolt 

11 StriiiK and ring 

12 IlDrizontnl hook 

13 Lock and key 
J7. Chute apparatus 

14 String below 

15 String at back 

16 Windlass 

C. 17 Pull-in box with string 

D, Second positions of 

18 Hutton 

19 Vertical hook 

20 T-latcIi 

21 Holt 

22 String and nail 

23 Plug 

24 Lift-lntcli 

25 Pusli-bnr 

26 Bear-down latch 

£, Groups of fastenings 

27 Two buttons 

28 Two bolts 

29 Button and bolt 

30 Two buttons and one bolt 

31 Two buttons nnd hvo bolts 

32 Two plugs 

33 Three plugs, tw'o buttons and two bolts 
F. Combination locks 

1 Right plug, left plug, bolt, button, nnd hook in order 

2 Bear-down lever at left, push-iii bar at right, lift-up 

latch in front, and pull-out string behind in given 
order 

Sm£iU amounts of either rice, bread, banana, or apple 
were used as incentives. The length of the trials ranged 
from 1 to 672 seconds, depending upon the time neces- 
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sary to solve the problem. No failures appear in the 
data tabulated. 

The results include a time record for the male for 
thirty trials on each of the seventeen devices listed 
under A and B, a comparison of records for first and 
second positions of identical devices, time and error 
records for the two subjects on the combination locks, 
and a number of learning curves. The composite time 
curve for the male, combining his performances on the 
seventeen simple problems, shows a steep drop at the 
first, while the minimum time is practically reached by 
the tenth trial. The time taken for the various prob¬ 
lems ranges from 1 to 672 seconds on first trials and 
from 1 to 10 seconds on tenth trials. On the average 
the time necessary for learning second positions of 
identical locks was about half that for first positions. 
The curve for groups of fastenings, the units of which 
had already been learned, shows the initial drop in the 
learning curve to be less marked than in the curve for 
the single fastenings. However, the minimum time for 
the groups of fastenings was reached on the sixth in¬ 
stead of the tenth trial. 

In training his subjects on the combination locks, 
Kinnaman used a norm of ten errorless trials in suc¬ 
cession. The male required 253 trials and the female 
80 trials to reach this criterion with the first set of 
combination locks. Each animal was given 250 on 
the second combination but neither reached the stand¬ 
ard of ten errorless trials. Kinnaman also tested twelve 
human adults and five children with the same two sets 
of combination locks. While learning was more rapid 
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Oil the part of the human subjects, he observed the 
method of all subjects to be essentially that of trial and 
error, 

Kolits (18, 19) used a single female rhesus monkey 
in a scries of experiments designed to study what she 
called "labour processes.^’ She employed problem- 
box situations involving the following general types of 
devices: 

1 Plouks 

2 Lntches 

3 Turning locks (eccentric hqndlc) 

4 Sliding bolts 

5 'rurning locks (center IiantlLc) 

6 Cliniii anti knob bolts 

7 I'linged strap with eye and locking bolt 

8 Insitlc lock opened by key 

9 Padlocks 

10 Tape with uiiwiiidings and knots 

11 Overhanging rind sliding (lours 

The number of problems was increased to 93 by 
introducing such variations as differences in (1) ease 
of operation, (2) external appearance (color, form, 
size, etc.), (3) position (horizontal, vertical, inclined, 
right or left side, top, bottom, or center), (4) number 
of similar devices presented, (S) combinations of dif¬ 
ferent types of devices. 

Apparently food was always used as an incentive, 
Degree of hunger varied, however, and especially at¬ 
tractive bits of food were used when the animal was 
satiated. Additional forms of incentive, such as free¬ 
dom from confinement and swinguig the animal, were 
used in some cases. 

Of the 60 single devices and 33 groups of fastenings. 
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the subject failed completely with only two, the tightly 
inserted simple hook and a padlock locked by an un¬ 
attached key. Aid was given by the experimenter in 
unlocking the first hook, the first bolt (having a novel 
method of unlocking), one other type of bolt, five de¬ 
vices which required considerable force, a chain and 
knob, a padlock, and seven groups containing new units 
which, being out of sight, were not discovered by the 
monkey. 

Kohts emphasized tlie great number of random 
movements exhibited by her subject; also the apparent¬ 
ly blind solutions of the problems as shown by frequent 
pulling at the door before unlocking and by repeated 
locking and unlocking of a single device during a given 
trial. She concluded that the monkey has no under¬ 
standing of what is necessary to be done and is unable 
to foresee its consequences. 

A number of experimenters have used various forms 
of problem-box tests as somewhat incidental parts of 
more extensive studies. Shepherd (26) trained three 
rhesus monkeys on a simple problem box, as a pre¬ 
liminary to later discrimination experiments. The 
monkeys took 95, 102, and 64 trials respectively to learn 
to unfasten a single button door. The fastening was on 
the inside of the box, making it necessary for the mon¬ 
key to put his hand through a hole at the side of the 
door in order to turn the button. The food was out of 
sight unless the animal went to the extreme side. How- 
ever, the account indicates that the monkeys were per¬ 
sistent in their errors to obtain the food, 

A young rhesus monkey, tested by Hobhouse (13) 
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on a box experiment:, at first failed to release a bolt 
fastened by a hook, but later appeared to learn quite 
suddenly after a first success, 

Buytendijk (3) trained his ccrcopitliecus monkey to 
open a box by pushing up a lever. When, the habit 
was well established, he introduced a number of diffi¬ 
culties. He first fastened to the lever a cord with a 
heavy piece of wood attached. When the block was 
not too heavy, t(ie monkey succeeded without difficulty 
in lifting the block and placing it on the table, thus 
making it possible to open the door. Buytendijk then 
fastened the end of the cord with a hook and eyelet. 
Contrary to Hobhouse's results, after several trials the 
animal still made no attempt to detach the hook. Next 
the lever was fixed to push down instead of up. The 
monkey learned to manipulate this after live trials. An 
obstacle in the form of a block was then placed under 
the lever but the animal never learned to remove the 
block. The block was replaced fay a flowerpot which 
the monkey had previously learned to overturn in order 
to secure food. However, she failed to remove the pot 
until food was placed under it. 

Nellmann and Trendelenburg (23) found that 
their smaller monkeys learned only by trial and error 
to open the lid of a box fastened by bolts. They failed 
campJetely when the bolts were so arranged that the 
animals had to push them away from themselves. The 
Pavian monkey was unable to learn the combination 
bolts, while the Java and rhesus monkeys both suc¬ 
ceeded after training. 

Drescher and Trendelenburg (4) reported that their 
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Java monkey and Pavian monkey failed to unfasten a 
simple lock on a box although given many repetitions. 
The rhesus learned to open it and the gibbon was suc¬ 
cessful even with two locks. 

Tool Experiments 

The ability of monkeys compared to that of anthro¬ 
poids in the use of tools or instruments has been a 
subject of considerable interest. The small monkeys 
succeed readily with the drawing-in problems when a 
string or stick is directly attached to the food but 
usually have been found unsuccessful in using a rake 
unless properly placed back of the food (3, 4, 20, 23, 
3S), However, Hobhouse (13) reported that his 
rhesus monkey did learn to rake in food with a stick. 
Kliiver's (17) cebus monkey apparently was very pro¬ 
ficient in using a variety of objects to rake in food. 
Bierens de Haan (2) found that one of his'nine sub¬ 
jects, a Cebus monkey, was able to use a stick either as a 
rake or as a beating tool. She succeeded even when the 
object used as a rake was not visible at the moment 
when needed. 

The smaller monkeys usually fail in the tube experi¬ 
ment, when it is necessary to push food out of a tube 
with a stick (3, 13, 23, 35). Drescher and Trendelen¬ 
burg (4) concluded from their experiments that only 
higher monkeys can use an instrument or tool in mo¬ 
tion away from themselves, The results of Guillaume 
and Meyerson. (8, 9) are in line with this as their small¬ 
er monkeys were unsuccessful in the detour or round¬ 
about experiments. They set up a variety of situations 
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in which it was necessary for the subject to use a stick 
or his fijig'er to push food away from Jiijnself or to one 
side in order to obtain it. Furthermore, Kluver (17) 
found the detour-beam problem to be one of the few 
ill which his Cebus monkey failed. However, Ver¬ 
laine and Gallis (ni) were able to teach their Maca¬ 
cos sinicus to push food out of a small glass tube (6 
cm. long) and this animal later succeeded in using a 
variety of otber objects to obtain the food when the 
stick, was not available. This same monkey, in a set-up 
similar to that of Guillaume and Meyerson, was able 
to obtain food by pushing it at an angle of 90 degrees 
but failed when it was necessary to push It directly 
away from himself. However, Verlaine and Gallis 
believed this failure was due not to any mental inability 
but rather to the fact that it is particularly diflicult for 
a monkey to make this reaching-out movement. 

Earlier experimenters reported slight success on the 
part of the small mcm/ccys in box-stacking problems, 
Hobhouse (13) was able to teach his rhesus monkey to 
place a stool or box to climb on. Three rhesus mon¬ 
keys used by Shepherd (26) paid no attention to a box 
left near suspended food. Yerkes’ (35) Pithicus irus 
monkey learned to place the larger of two boxes on end 
under the fruit and tried to drag up a smaller box 
but failed. Yerkes believed he would have succeeded 
with suflicient trials. Nellmann and Trendelenburg 
(23) found that their rhesus gave some indication of 
ability to solve the box problem by pushing the box in 
the direction of the goal, climbing on it, and jumping. 
With further training he might have succeeded, 
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Much more striking were the results obtained by 
Bierens de Haan (2) with his Cebus monkey. The 
subject was first given one box which she immediately 
tried to push into place, but the box was too heavy. 
When given a lighter box, she succeeded after a few 
trials in placing the box on end and obtaining the fruit. 
She was then given two boxes, one placed under the 
fruit too low for her to reach and a second box left 
near by. After a few unsuccessful attempts to use the 
smaller box as a beating tool, she placed it on top of 
the larger box but it fell off and she was unsuccessful 
until the fourth trial. The following day she was 
given a larger box which she turned on end and suc¬ 
ceeded in obtaining the fruit. In the next experiment 
two boxes were used, neither one being placed under 
the fruit. Bierens de Haan believed the monkey 
understood at once what to do although she was some¬ 
times unsuccessful. Then three boxes were used, two 
being placed under the food and the third left to be 
stacked. She succeeded immediately, When one box 
was placed under the food and two left to be stacked 
she was successful in principle but failed to obtain the 
food because of lack of skill. However, when one of 
the boxes was replaced by a tin can she was successful. 
She later succeeded when three boxes were placed in 
three different corners and even when one of the boxes 
was hidden. Bierens de Haan explained the discrep¬ 
ancy of his results as compared to those of other 
experimenters as due to possible superiority of the sub¬ 
ject, to the greater simplicity of his experimental set-up, 
and to better control of the living-conditions of bis 
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animal, In previous experiments the subject fre¬ 
quently had been presented with tasks of too great 
difficulty and with too great variety at once, instead 
of using one type of tool and gradually increasing the 
difficulty, He also believed that his plan of keeping 
the animals separated as to sex was advantageous for 
increasing motivation. 

Verlaine and Gallis (31) reported an experiment 
in which their Macaciis sinicus monkey learned to 
place a variety of boxes to climb on, one of which he 
rolled into place and set on end. 

Kliiver (17) carried out over 200 experiments with 
an adult Cebiis monkey, which showed great facility 
in the use of tools, her performance comparing quite 
favorably with that of the anthropoid apes. A younger 
Cebus monkey showed a distinct tendency to use ob¬ 
jects as tools but was much less efficient. This led 
Kliiver to suggest that the ready and eflicient use of 
tools may grow out of very "diffuse" and general re¬ 
actions such ,a3 he observed in the younger monkey. 
His seven Java monkeys, two spider monkeys, two 
squirrel monkeys, and one lemur failed to use objects 
as tools in the problems which he presented to them. 
His own results together with the reports of other ex¬ 
perimenters Jed him to the tentative hypothesis that 
complex forms of tool behavior may be peculiar to 
the Cebus monkey. 

However, Verlaine and Gallis (31) obtained very 
good results with a Macacus sinicus moiikey not only 
in the tube experiment but also in a box situation in 
which it Was necessary for the animal to use a tool 
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to release the catch. The monkey, after having learned 
to open the box with a nail by being put through the 
act a number of times, was then able of itself to make 
use of a great variety of objects in place of the nail. 
He even broke off and used branches of a dried plant 
as the necessary tool. He bent the fiber of a street 
broom into a position where he could use it for open¬ 
ing the box. 

As the reports of Bierens de Haan, Verlaine and 
Gallis, and Kliiver have shown, the gap between the 
lower monkeys and the great apes in their ability to 
use tools is not so great as had been supposed. On 
the contrary, there appears to be considerable over¬ 
lapping in this function. 

Otheh Manipulation Experiments 

The smaller monkeys usually succeed in attempting 
to open a hand they have seen close over food (1), in 
overturning flower pots under which food or some 
other incentive has been placed (1, 3, 4, 23, 31), in 
using a string to draw in a box or bucket into which 
food has been dropped (I, 4, 9, 17, ZO, 23, 26, 35), 
and in pulling in a string to obtain food which has 
been placed out of sight on a high shelf (1, 4, 23). 
They are much less successful in finding food dropped 
into a pocket (1, 23), in opening a.drawer (1, 13), or 
in rotating discs and levers (4, 9, 23) to obtain food. 
They are fairly successful in unwinding a chain 
wrapped around a stake or table leg (3, 13, 22). Guil¬ 
laume and Meyerson (9) found their smaller monkeys 
distinctly inferior to the anthropoids in a variety of 
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String experiments requiring indirect pulling. How¬ 
ever, Nellman and Trendelenburg’s (23) monkeys 
succeeded readily in pulling in food at an angle by 
means of a string. Verlaine and Gallis (31) reported 
that both their Macacus sinicus and Macacos rhesus 
succeeded vmmccUately in obtaining food fastened \\\ 
the middle of a string secured at the far end and 
brought into the cage at an angle so that it was neces¬ 
sary by working through the bars to take the string 
from one end of the cage to the other. These monkeys 
succeeded whether the end of the string was placed 
inside or outside of the cage. 

Non-Manipulation Expeiuments 

Problems not involving manipulation have been used 
by a number of experimenters to study the ability of 
monkeys. Hamilton (11) devised an ingenious method 
of prolonging the variability phase of the learning 
period and thus afforded an excellent opportunity to 
study various types of behavior. Using his quadruple- 
choice apparatus he set up an insoluble problem situa¬ 
tion in which the one soluble factor was that the 
positive alley in a given trial was never the same as 
in the preceding trial. His subjects included ten 
humans, five monkeys, sixteen dogs, live cats, and one 
horse. Each subject was given one hundred trials. 
Upon analyzing the data for types of behavior, he 
found that only human subjects manifested what he 
called the rational inference tendency. The unmodi¬ 
fied searching tendency (irregular order) appeared 
most frequently in the defective man and next in the 
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monkeys. The tendency to use stereotyped modes of 
searching was most apparent in the monkey. The 
searching tendency modified by reappearing motor im¬ 
pulses was greater in adult monkeys than in man but 
less than in dogs. The tendency toward perseveration 
of active motor impulses and of inhibitions appeared 
with increasing frequency as both the ontogenetic and 
the phylogenetic scales were descended. 

Using the same general set-up several years later, 
Hamilton (10) tested twenty girls, one baboon, four 
monkeys (two Pithicus rhesus and two Pithicus irus), 
one mouse, five grey rats, four black rats, and six 
gophers. He found that the manner in which a sub¬ 
ject varied his response seemed to depend more upon 
the individual than upon the species. However, the 
children showed the greatest tendency to react to the 
rule that the same alley was never the right alley in 
two successive trials, while the infrahuman primates 
came next, 

In an attempt to study ideational behavior, Yerkes 
(35) employed a learning situation using the multiple- 
choice method with two monkeys (Pithicus rhesus and 
Pithicus irus) and one orang-utan. The problems 
set for the animals were (1) the first box at the left, 
(2) the second at the right, (3) alternately first at left 
and first at right, (4-) the middle one, and (la) the 
first at the right. Of the three problems presented to 
him, the orang-utan solved only problem 1, and that 
after more than twice as many trials as was necessary 
for the other subjects. He failed completely with 
problems 2 and la. The irus monkey learned prob- 
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lem 1 fairly satisfactorily in 134 trials and appeared 
to learn No. 2 in J070 rWaJs. Plowcver, he failed in 
the tests for the second problem. Of the three sub¬ 
jects, the rhesus made the best record. He learned 
problems I, 2, and 3 in 70, 400, and 470 trials respec¬ 
tively. He failed in problem 4, but Yerkes thought 
this was probably due to disturbing environmental con¬ 
ditions. Although the orang-utan had a much poorer 
record than the rhesus and no better than the irus, 
Yerkes believed he was more inteiligent than the 
smaller monkeys. Partly due to the sudden learning 
in problem 1 and partly due to certain types of be¬ 
havior, Yerkes concluded that the orang-utan made use 
of ideas. The large number of trials in problem 1 
and subsequent failures in the other problems were 
attributed to the inadequate use of ideas.. 

Buytendijk (3), using a multiple-choice set-up with 
eight drawers, trained a female Cercopithicus monkey 
on an alteniafion probfern in which the correct re¬ 
sponse was going alternately to drawers I and 8. After 
the correct habit had been fairly well established, it 
began to disintegrate and the animal developed a posi¬ 
tion habit of always going to the left. Buytendijk 
stated that there was not sufficient punishment used to 
obtain a perfect performance. 

Revesz (24) was unsuccessful in training a monkey 
to react to a specific box in a multiplc'choice problem 
Involving six boxes. After 17 trials the subject was 
able to select some box in the region of the correct one, 
After 45 trials it was still a matter of chance if he 
selected the exact box. llevcsz found similar be- 
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liavior in very young children. He also compared 
children and monkeys in ability to discover a system, 
Again a row of similar boxes was placed before the 
subject. In each succeeding trial the incentive object 
was to be found in the box next in line, beginning at 
one end and progressing to the other. While all of 
his human subjects over five years of age learned the 
system in from three to twelve trials, all four of the 
monkeys failed after an "enormous number" of trials 
even when the number of boxes was reduced to two. 
In view of Yerkes’ results with his rhesus monkey, 
Revesz is inclined to believe his monkey might have 
succeeded in the simple alternation problem if given 
still more training. 

Kuroda (20), using a multiple-choice apparatus 
similar to Yerkes’, trained a Macacus cynomolgus 
monkey on a number of problems with little success. 

Tellier (28) set up on insoluble problem similar to 
that used by Hamilton in which the correct box in 
a given trial was never the same as the correct box 
in the succeeding trial. She simplified the conditions 
by using merely a row of small boxes placed in front 
of the animal. In the first problem she used only 
three boxes. After 30 trials her rhesus monkey learned 
to respond correctly, Le., to avoid the box in which 
food had last been found. The number of boxes was 
then increased to four and the monkey immediately 
made 10 perfect reactions out of 12. When the num¬ 
ber was increased to ten, the animal made 23 correct 
responses out of 31, then 10 successive correct trials. 

Tellier (28), using two rows of boxes, trained a 
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Macacus sinicus monkey to choose the box located 
second from the left in the front row. The animal 
learned after 1S9 trials and still succeeded when the 
spacing of the boxes was so varied that the correct 
box was sometimes toward the left and sometimes to¬ 
ward the right side of the series of boxes. 

The double-alternation problem was studied by Gel- 
lermann (6, 7). He first worked with the temporal 
maze used by Hunter for raccoons. Two young 
rhesus monkeys, a male and a female, learned the prob¬ 
lem in 80 and 315 trials respectively. Gellermann 
decided, however, that the maze was not a satisfactory 
type of apparatus for monkeys, and later used a box 
apparatus setting up a double-alternation problem of 
a series of eight responses, RRLLRRLL, All of the 
four rhesus monkeys used in this experiment learned 
the series, the criterion for learning being a norm of 
three perfect trials in succession, The monkeys were 
also able to extend the series to a longer one. In the 
double-alternation problem, Gellermann found that his 
monkeys ranked below man but above raccoons and 
rats. 

Numdeii Experiments 

A few efforts have been made to study the ability of 
monkeys to count or to discriminate between different 
numbers of stimuli. Kinnaman (16) arranged an ex¬ 
periment designed to give number tests to his two 
rhesus monkeys. He placed t^venty-one similar con¬ 
tainers in a row and trained the subjects first to the 
fourth from the end. He then trained to the second, 
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fifth, first, ninth, eleventh, eighth, third, tenth, and 
seventh in the order given. The full series was car¬ 
ried out only with the male, the female being trained 
on no number above six. The subjects were given 
270 trials on each problem. He concluded from his 
results that, with this apparatus, numbers from one to 
six and from one to three were recognized by the male 
and the female respectively. 

Three rhesus monkeys were trained by Woodrow 
(34) to discriminate between different numbers of 
stimuli. One subject learned to differentiate between 
one and three, two and three, and three and four 
sounds, and with a low degree of reliability between 
four and five sounds but failed to discriminate between 
five and six. A second subject learned to distinguish 
between one and three, two and three, and three and 
four, but failed with four and five. Furthermore, it 
was necessary for this subject to relearn to discriminate 
between two and three when the interval between the 
first and last sounds was made the same. The third 
subject learned to discriminate between two and three 
sounds but later the habit disintegrated. 

A Macacus cynomolgus monkey, trained by ICuroda 
(21) on a multiple-choice apparatus, was able after 
about 700 trials to react to aperture number one upon 
hearing one stroke of a bell and to aperture number 
two upon hearing two strokes. The habit broke down 
completely, however, when a third factor was added 
and the animal was required to react to one, two, or 
three. 

Gallis (5) gave a preliminary report of an attempt 
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to discover whether monkeys cn.ii get the concept of 
numbers. His method was to train the animal to take 
a given number of bits of food and make no attempt 
to obtain more. For example, in training to the num¬ 
ber three, if tlie monkey obtained three meal worms 
from one closed hand, he was not to attempt to open 
the hand next presented to him, but if he obtained 
only one or two the lirst time Jie would continue to 
open the hand presented until he had obtained the 
three and no more. Gallis stated that he tried to 
avoid giving his animals cues of any kind. He be¬ 
lieved his two Macaciis sinicus monkeys demonstrated 
their ability to get the concept of the numbers two and 
three. 

SUMMAUy OF Exfeiumknts 
A perusal of the literature discloses many different 
methods, aims, and points of view. A great variety 
of problem-box situations has been used to test the in¬ 
telligence of monkeys. Pioneer experiments by Thorn¬ 
dike (30) and later studies by Kinnaman (15) were 
made at an early period before laboratory technique 
had become highly refined as it is in the United States 
today, Consequently there was relatively little atten¬ 
tion given to standardization of conditions. The work 
of ICohts (18, 19), though recent, showed little more 
attention to these factors, The number of subjects 
in each case was small, ranging from one to three. 
Nevertheless, these experimenters have made valuable 
contributions in the great variety of situations pre¬ 
sented, in careful descriptions of behavior, and in theo¬ 
retical discussions. 
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In large part the tool and other types of manipula¬ 
tion problems have been of a more or less exploratory 
nature, the experimenter presenting a variety of situ¬ 
ations to the subject and recording whether or not the 
animal succeeded in solving the problem, and fre¬ 
quently giving valuable qualitative descriptions of 
behavior, but with little attempt to control the con¬ 
ditions. Most of these experimenters have been 
interested chiefly in the ability of the animals to com¬ 
prehend the situations. Thus the experiments have 
not been primarily training situations. The worlt of 
Bierens cle Haan is somewhat in contrast, being quite 
systematically carried out. He began with a very 
simple task and gradually built up a more complicated 
performance using the same general type of tools. 
Verlaine and Gallis also began by using a very simple 
situation and training the animal step by step until it 
became proficient in the desired task, Here the ex¬ 
perimenters even went so far as to put the animal 
through the act and to give aid at difficult points by 
holding the arms in position, etc. After the funda¬ 
mental performance was perfected, a number of test 
situations were presented to discover whether the ani¬ 
mal would make a generalized use of tools. Bierens 
de Haan, as well as Verlaine and Gallis, points out that 
for the most part the experimenters have not adapted 
their tool set-ups to the monkeys. Kliiver not only 
carried out a large number of experiments on a single 
subject and made careful behavior records, but gave 
more attention to controls. His appears to be the only 
study of the use of tools in the smaller monkeys in 
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which there has been an attempt to exclude the ex¬ 
perimenter. 

Coming to the non-manipulation problems, in the 
work of tiamiltoii and Yerkes, there were improve¬ 
ments over the early problem-box experiments in 
standardization of apparatus, method of handling, 
number and distribution of trials, but still no rigorous 
system of controls for all conditions. The studies of 
Buytendijk, Revesz, and Tellier were less extensive 
and gave little indication of controls used. In the 
work of Gellcrmann was found a much more highly 
standardized set-up with the experimenter excluded 
and well-controlled laboratory conditions. Tlie pre¬ 
liminary period, including taming, is especially im¬ 
portant and this was particularly well controlled by 
Gellcrmann, However, feeding was not sufliciently 
standardized and he stated that occasionally the mon¬ 
keys were overfed and refused to work. 

A review of the literature indicates the extreme 
necessity for carefully controlled conditions in experi¬ 
ments with monkeys because of their great distracti- 
bility and the difliculty of keeping them properly moti¬ 
vated. Some factors of primary importance to be 
considered arc: age, past experience, diet (kind and 
amount of food, and distribution of feeding periods), 
hunger (the relation of the experimental period to the 
feeding periods), method of handling, method of intro¬ 
duction to the experimental situation (taming and 
preliminary trials), the immediate conditions of the 
experiment (incentives, lighting, exclusion of other 
animals and of the experimenter, elimination of dis- 
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tractin^ stimuli not directly connected with the prob¬ 
lem) , number and distribution of trials, and the length 
of each trial. All of these factors have been considered 
in the present study and with a few exceptions, as will 
be indicated later, were well controlled. 

Present Experiment 

The chief problem of the present study was to de¬ 
termine the limits of learning in a group of young 
rhesus monkeys. The simple reaction of depressing 
a plate or disc in the floor of a problem box was used. 
Starting with a single plate, the complexity of the re¬ 
sponse was gradually increased by adding plates one 
at a time until the series was extended beyond the ani¬ 
mal’s ability to learn. An attempt has been made to 
analyze the behavior of the animals during the learn¬ 
ing process, to indicate any trends which appear, and 
to discover whether these trends are peculiar to the 
individual or common to the group. 

This experiment differs considerably from preced¬ 
ing studies with monkeys. Some experimenters have 
increased the difficulty of their problems by increasing 
the number of devices to be manipulated. However, 
the devices have usually- difl?ered in kind as well as 
increased in number, and rarely has there been a set 
order of manipulation. In a few instances series of 
similar devices have been used, but with no thorough¬ 
going attempt to find the limits of the series. 

The study, however, is similar to the work done by 
Sliuey (27) with kittens, and that done by Riess (25) 
with rodents. A similar Jenkins problem box, but 
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having larger dimeiisiona, was used, As has been 
pointed out by Jenkins (14), Shuey, and Riess, this 
apparatus, making use of a simple reaction system 
common to a large number of phyla, makes possible 
comparative studies of a great variety of animals, A 
part of the problem, then, has been to compare the 
performance of the monkeys with tlrat of the kittens 
and of the rodents and to evaluate that comparison. 



II 

METHOD AND PROCEDURE 

The present experiment was in progress from Oc¬ 
tober 16, 1930, to September IS, 1932. This study 
was a part of a larger project, and Mr. T. A. Jackson 
worked with the author in standardizing some phases 
of the general procedure. Mr. Jackson also took the 
data for a period of about three months during a neces¬ 
sary leave of absence on the part of the writer. 

The experimental room was in a secluded part of 
the laboratory. Its one large window faced the quiet 
side of t^ie campus and was equipped with a dark 
shade which effectively shut out the light. Each of 
its two doorways was closed by a regular door and a 
sound-proof door. One entrance was permanently 
closed up, while the other led into the room where the 
monkeys were kept. This was a light, airy room with 
three large windows. 

The cages in which the monkeys were kept were 
constructed of sheet iron with a door which formed 
the entire front, and a window at the back, both cov¬ 
ered with heavy wire mesh. Floors of removable 
wire grates over a metal pan filled with wood shavings 
facilitated efforts to keep the living-quarters sanitary. 
The individual cages were inches deep, 27}4 

inches wide, and 30% inches high. They were ar¬ 
ranged in two rows of two tiers each, facing each 
other. The runway thus formed between the cages 
was enclosed with heavy wire mesh fastened to a steel 
frame (see Figure 1). 


[399] 
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Apparatus 

The apparatus used was a large model of the Jen¬ 
kins problem box (14). An illustration of the prob¬ 
lem apparatus is shoAvn in Figures 1 and 2. The main 
part of the apparatus consisted of tliree compartments: 
a circular reaction compartment, 7 feet in diameter 
and 23 inches in height; an incentive compartment, 
28 inches in diameter and 28 inches in height, located 
in the center of the reaction compartment; and an en¬ 
trance compartment, 27 inches long by 14 inches wide 
by 14 inches high. The entire apparatus was con¬ 
structed of a steel framework and heavy wire mesh 
set on a solid maple base elevated 22 inches above the 
floor. The base was painted Avith battleship gray and 
the metal work with alumiiiiun paint. 

There were three reaction plates located in the floor 
of the reaction compartment, as shown in Figure 3. 
These p}ates were of the nalura) maple color and in¬ 
laid with copper strips which were wired for shock, 
They were set into the floor of the box so that the tops 
of the plates were flush with the floor, Underneath 
they were equipped with square metal posts which 
worked up and down freely through sleeves piercing 
the floor of the box. By means of an adjustable spring, 
each plate was held up to the level of the floor but 
could be depressed approximately inch by a light 
pressure, For this experiment the plates were ad¬ 
justed to weights of from 75 to 100 grams. 

Three doors were of primary importance for ex¬ 
perimental purposes. The entire outer end of the 
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taking data at the control table. 
(Photographs by E. I. Fjeld.) 








HAKii(i.i r A\ni iisfiv r.M 





Piiifs f)f l-hc M'lxM’n and hai-e hrcii crnun’i’fl in iii'(lt;i' 
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Floor Plan of Jenkins Problem Box 

The broken line indicates a perfect response in Step IV. The 
animal starting at E is required to step on the plates in the order 
1, 2, 3 and reverse to 2, to open the door, and obtain access to 
the food. By courtesy of Professor C. J. Warden. 

entrance compartment consisted of a hinged metal 
door (outer door) 14 inches by 14 inches. A vertical 
sliding door (entrance door) closed off the entrance 
compartment from the reaction compartment. This 
door was constructed of bakelite and covered with 
aluminum paint to match the metal part of the appa¬ 
ratus. The door into the incentive compartment 
(inner door), like the walls of the compartinent, con¬ 
sisted of a steel frame and wire mesh. It was located 
directly in front of the entrance door and was 14 inches 
high by 9^ inches wide. It was held shut by an 
electromagnetic device and was constructed in such a 
way that when released it opened by force of gravity 



404 


lIARRltTT ANDERSON FJCLD 


and came to rest by its own inertia. This construction 
made its operation rcJatively noiseless. 

The large circular cage was lighted by four 25-watt 
and eight 40-watt bulbs set in a large reflector 38 inches 
in diameter by 13M inches deep. The reflector was 
larger in diameter than the inner cage and the lights 
were so arranged as to give a very uniform light. This 
eliminated shadows which might have been cast by 
the framework and walls of the cage. The light was 
diffused through sheets of opal and plate glass into 
the apparatus below. The light fixture was attached 
to the Wall of the room by a movable arm and could 
be swung back away from the apparatus when desired. 
The entrance compartment was lighted by a 10-watt 
bulb set in an ordinary reading-lamp reflector closed 
at the bottom with a sheet of opal glass. 

The entire apparatus, with the exception of the top 
of die entrance compartment and the top center of 
the main cage where the light was located, was covered 
with a fine screen wire painted white. Under experi¬ 
mental conditions of a darkened room and lighted ap¬ 
paratus, this formed a one-way light screen which 
eliminated visual cues that might otherwise have been 
given by the experimenter. 

The experimenter’s control table was situated at the 
right and in front of the problem apparatus, the ex¬ 
perimenter’s chair being approximately 7^ feet from 
the front of the box (Figure 1). On the control table 
■were located the switch board and the relays which 
controlled the operation of the inner door. A dia- 
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gram of the wiring system is shown by Warden, Jen- 
kinsj and Warner (33, Chapter IX). 

The operation of the apparatus has been described 
in detail by Jenkins (14) and only the major functions 
will be reviewed here. As has already been indi¬ 
cated, the inner door was held shut by an electromag¬ 
netic device. The wiring was so arranged that when 
the proper reaction plate or plates in the floor of the 
box were depressed the circuit through the magnet 
was broken and the door released. It was possible 
to set the switch board for a variety of combinations 
of plate reactions, control being mediated through a 
system of relays. For example, in one setting the 
door was released by the depression of any plate; in 
another it was released by the depression o£ a certain 
plate; in others it was released by the depression of the 
plates in any predetermined sequence. 

There were three small signal lights on the switch 
board, one connected with each plate in such a way that 
when the plate was depressed the light would be ex¬ 
tinguished but would reappear when the plate sprang 
back into position. These lights aided the experimen¬ 
ter in taking accurate records and indicated that the 
electric control system was operating properly. 

A 10-watt pilot light located on the control table was 
enclosed by a black box with a tiny slit which was 
covered with a small sheet of paper. Thus only suffi¬ 
cient light was emitted to allow the experimenter to 
take the necessary records. The control table also con¬ 
tained all of the necessary switches for the lights, for 
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Applying shock, and for releasing the inner door when 
desired, 

The inner door of the entrance compartment was 
operated by means of a cord which ran through a 
series of pulleys to the control table. The door of the 
food cage could also be released manually when de¬ 
sired. Such noises as could not be avoided in operat¬ 
ing the doors did not seem to disturb the animals-. 
Nevertheless, a 16-inch electric fan was run constantly 
at medium speed during the test period as an addi¬ 
tional precaution. 

Subjects 

A group of seventeen young Macaques rhesus 
monkeys were used in the regular experiment. These 
subjects probably ranged from 24 to 31 months in age, 
They were obtained from a local dealer and were 
brought into the laboratory almost directly upon im¬ 
portation. , 

Protocols 

Monkey A. Male, Weight, 86 ounces.® Limit, 22 steps, 

The gcneml physical condition of this monkey ^vas excellent. He 
tamed readily but was always aggressive and never gentle or docile. 
He was quick to show anger toward other niembcrs of the colony and 
linally became so pugnacious that he was not allowed to run with 
them during the daily exercise period. He was extremely active and 
frolicsome. His behavior in the experimental situation Avas chac- 
neterized at first by much romping anti playing; however, as the 
problems became more complicated he M'orked very consistently and 
rapidly. 

Monkey B, Male. Weight, 68 ounces. Limit, 12 steps. 

This monkey's general phj'.sicnl condition was good throughout. 


TUc wciRliiit given far nil of the aiibjccla were oliiaincd during ilie 
perJpd of wdjiifljjjjcnf ihordy ailcr ihe monicys ijrrJvcd jji fjjc J/iborniory, 
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He appeared to be rather delicate at first but later developed into one 
of the finest specimens of the group. He tamed readily, was rather 
shy at first but later became quite aggressive. His behavior in 
the experimental situation was marked by intermittent periods of 
extreme activity wJiich included whirling around and around very 
rapidly, racing in the apparatus, jumping, and rolling. He would 
break off in the midst of what gave promise of being an almost per¬ 
fect trial and suddenly start racing or whirling. After some seconds 
of very vigorous activity, he would stop suddenly and sit very still 
for a time, then continue with the solution of the problem. This 
behavior would appear repeatedly over a period of days and then 
often would not reappear at all for days or even weeks. 

Mfinke^ C. Male. Weight, 88 ounc^. Limit, 3 steps. 

This monkey was in good physical condition, inclined to be fat. 
He tamed easily although he tended to be sliy and “cautious" in his 
general behavior. In th^ experimental situation this shyness led to 
conditioning against the inner door. 

Monkey D, Male. Weight, 106 ounces. Limit, 3 steps. 

Subject D was a long, slender animal but in good physical condi¬ 
tion throughout the experimental period. He was very wild upon 
arrival in the laboratory and one of the most difficult to tame. Even 
though given additional attention during the taming period and 
during the preliminary period in the apparatus, he was less tame 
than most of the other subjects. 

il^oii^ey £. Male. Weight, 104 ounew. Limit, 12 steps. 

Subject E was long and slender in build. He was in good physical 
condition throughout most of the experiment. During the last two 
or three months he developed a chronic diarrhea which affected his 
general physical condition and may have hastened failure in the 
problem. However, he appeared to be well motivated to the end. 
Compared to the other members of the group, he was one of the 
wildest at the beginning and one of the least tractable throughout 
the entire experiment. He exhibited fear of the inner door almost 
from the beginning, at times refusing to enter the food compartment 
at all. During the training on Step II he developed a stereotyped 
habit of going in the wrong direction. The most drastic form of 
punishment (180 seconds* delay and no food at the end of the trial) 
was required to eliminate tliis habit. Nevci-thelcss, during training 
on Step II rind thereafter he was very persistent and almost tireless 
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in his efforts to obtain the rc\\’ar(l even in cases of extreme difficulty 
and repeated failure. 

Monkey F. Male. AVcight, 99 ounces, Limit, 9 steps. 

'Lliis subject was of mcclium Iniilil and in |;ood physical condition. 
He was easily tamed, remarkably quiet and docile, Althounih fairly 
timid throii^'hnut the expcrimcntiil period, he readily became adapted 
to the experimenter and to the experimental situation. During the 
training on Step II he developed a stereotyped habit of running 
directly to plate 2 and back to plate 1. This error became firmly 
cstiablisbcd and severe punishment (IfiO seconds' delay and no food at 
die end of tile trial) was necessary to correct it. However, in spite 
of this, Ins motivation remained at a high level. 

Monkey G. ftlale. Weight, 75 ounces. Limit, 6 steps. 

Subject G was slender in build but in good physical condition. 
He tamed readily and was very tractable tliroughout. At the be^ 
ginning of the experimental period be formed the habit of reaching 
to the top of the cage in the region of the plate. Since he fre¬ 
quently touched the plate at the same lime, this bcliavior often re¬ 
sulted in success, and it persisted for L16 trials. It wns later 

resorted to in attacking new stciis. Towiird tlic end of the experi¬ 

mental period he exhibited consiilcrahlc sex behavior in the apparatus. 
Monkey JI. Male. Weight, 75 ounces. Limit not obtained. 
This subject appeared to be in good pliysical coiuUtiun at the be¬ 
ginning and throughout most of tlic basic problem. However, he 
later developed a severe ease of diarrhea and died shortly after com¬ 
pleting the basic problem. He was wild at first hut tamed without 
great difficulty. He w’as in general very active but his behavior in 
the apparatus was marked by little extraneous activity. 

Monkey R. Female. Weight, 70 ounces. Limit, 2 steps. 

This subject bad not matured sexually before the end of the 
experiment. She was in excellent pliysical condition throughout. 
She was slightly aggressive but very tractable for the most part, 
Although she seemed to adjust readily to the experimental situation, 
her pcrform.incc was chnractcriz.cd by considcrahlc extraneous be¬ 
havior. She developed the habit of racing in the apparatus, often 
going at such a high rate of spceil that .she was unable to stay on the 
floor but was forced to run on the \valls of the box, 

Monkey S. Female. Weight, 115 ounces. Limit, 3 .steps. 

This subject was estimated to be apiiroximatcly 31 months of age 



LIMITS OF LBARNING ABILITY IN MONKEYS 


409 


on the bnsis of sex maturity. She wsis in good physical condition 
although severe swelling of the entire posterior part of the body 
occurred. This appears to be a normal condition in the maturing 
female macaciue. She was one of the wildest members of the colony 
upon arrival in the laboratory. However, she adjusted to the 
experimental situation quite readily. 

Monkey T, Female. Weight, 114 ounces. Limit, 3 steps. 

Subject T Was estimated, on the basis of sex maturity, to be about 
31 months of age, She was of stalky build and in good physical 
condition. Upon arrival she was the wildest of all of the females 
and the most difficult to tame. However, she was seldom aggressive 
toward the experimenter and, in spite of her size, was very timid 
toward the other monkeys. In the apparatus she was relatively 
inactive nt first but later exhibited much extraneous behavior which 
seemed to be due largely to sex interest. 

Monkey V. Female. Weight, 93 ounces. Limit, 4 steps. 

Subject U Was estimated to be about 30 months old on the basis 
of sex maturity. She was ph 3 'sically in good condition throughout. 
She was not difficult to tame. In the apparatus she was quite in¬ 
active at first, occupying much of the time during the first trials sit¬ 
ting by the entrance door, often screaming vehemently. 

Monkey V. Female. Weight, 68 ounces. Limit, 13 steps. 

This subject was judged to be about 25 months old on the basis 
of sex development. She was in excellent physical condition and 
was very active, She was not exceptionally wild but was inclined 
to be aggressive from the beginning. In the experimental situation 
she worked very fast when Ucr activity Was directed toward the 
plates. However, siie displayed some extraneous behavior including 
whirling, jumping, rolling, and forming a swing by threading her 
cord through the wire, at the top of the box and grasping the end 
with her hands and feet. She also had a peculiar trick, frequently 
resorted to, of Jiooking her left hind leg over her back and hobbling 
around on three legs. Whenever this form of locomotion was re¬ 
sorted to, the problem-solving performance was completely disrupted. 
It seems likely that this was a type of sex behavior. Frequently she 
would suddenly break off this extraneous activity and run through the 
problem very rapidly, making a perfect performance from that point 
on. Of all of the monkeys in the group, none of the others dis 
played such a wide range of distracting types of behavior. 
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Monkey IV. Female. WciBlit, 86 ounces. Limit, 4 steps, 

Subject W appeared an the basis of sex dcvelopnicnt to be about 
25 months of afje. She was in good pliysical condition and quite 
.ictive. She was wild at the beginning and never became very 
tractable. In the apparatus she became conditioned against the 
door into the reaction compartment almost at the beginiiing. When 
the door ^vas opened slic Would spring out of the entrance compart¬ 
ment and often with one leap grasp the w’all of the inner cage. As 
tlic cxtreino fenr wore ollf she >vould dart out quickly, always passing 
plate 1. This led to persistent errors w’hicli reappeared with the 
introduction of each new step. 

A'loiikey X, Female. Weight, 70 ounces. Limit, 8 steps. 

Subject X >vas probably about 30 months old as indicated by sex 
maturity. She U'as in good phj’sical comlitjon. Slie tamed very 
rcadil}’, was quiet, iin.'iggressive, and on the wJiole the most tractable 
animal in the group. In tile apparatus slie was slow and "cautious" 
in her movements. 

Monkey F. Female, Weight, 72 ounces. Limit not obtained, 

Monkey Y had not reached sexual maturity at the time of her 
death. Early in the experimental period slic ilcveloped a tubercu¬ 
lar cough and was quite inactive. After completion of the basic 
problem, she was isolated from the rest of tlic group and died shortly 
thereafter. She tnmed quite readily and was never djYlicult to 
handle, In tlic apparatus she was inactive at first but later worked 
very well. 

Monkey Z. Female, Weight, 73 ounces. Limit not obtained. 

This subject had not matured sexually at the time she was dropped 
from the experiment. Upon completion of the basic problem, she 
was used for the preliminary work in standardization of shock. 
Due to the use of a relatively high shock, she became conditioned 
against the pl.atcs. For this reason she was not used in tlic ad¬ 
vanced problem. Tin's monkey was in excellent physical condition. 
She tamed readily and was slightly aggressive. She worked con¬ 
sistently in the experimental situation nnd displayed little distract- 
ibility. 

The value of a learning experiment of this type 
which extends over a long period of time is to a great 
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extent dependent upon keeping the amtna.Ls in normal 
healthy condition. The necessary confinement to¬ 
gether with the absence of sunlight add greatly to this 
problem. The difficulties of keeping monkeys alive 
indoors over a long period of time and their suscep¬ 
tibility to tuberculosis are well known. With these 
facts in mind, a careful study was made in order to 
obtain the most favorable living-conditions possible. 
It was necessary to work out a well-balanced diet 
which would include all of the essential food elements 
as well as an abundance of those vitamins which would 
normally be supplied to a great extent by sunlight. 
After much correspondence and consultation with 
recognized authorities, and after trying out various 
combinations of foods, the following weekly diet was 
adopted and maintained throughout the experimental 
period: 


Morning 

Afternoon 

Evening 

Sunday; Milic and eggs 

Wholewheat bread and 



caiTQt 

Banana, 

Monday: Milic and eggs 

Boiled rice and celery 

Banana 

Tuesday. Milk and eggs 

Boiled potato and beet 

Banana 

Wednesday: Milic and eggs 

Wholewheat bread and 



lettuce 

Banana 

Thursday: Milk and eggs 

Boiled rice and celery 

Banana 

Friday I Milk and eggs 

Wholewheat bread and 



spinach 

Banana 

'Saturday, Milk and eggs 

Boiled sweet potato and 



carrot 

Banana 


Milk and eggs were mixed in the proportion of two 
eggs to a quart of milk. Each monkey was given, frani 
one-fourth to three-fourths of a cup according to the 
requirements of the animal. In addition, two or three 
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peanuts were given each animal on Wednesday and 
Sunday. Also approximately ^ teaspoon of pow¬ 
dered Adex tablets was fed each monkey with the 
banana. 

It will be noticed that while the morning and eve¬ 
ning meals were kept constant from clay to day variety 
was introduced into the afternoon meal. The latter 
consisted of some starchy food and a green vegetable. 
Although the food varied in kiud from day to day, 
the amount of food was kept relatively constant in 
order to avoid variable effects upon motivation. The 
A and D vitamin content of the diet was considerably 
increased by the use of powdered Adex tablets. Vari¬ 
ous methods of giving cod-liver oil were tried without 
success. The monkeys showed extreme dislike for it 
and refused every kind of food with which it was 
mixed. The problem was finally solved by grinding 
Adex tablets to a fine powder and placing the powder 
in slits cut in the bananas. 

As a further substitute for sunlight, the animals were 
given daily exposures to rays from a General Electric 
Sun Lamp (Model B, vertically adjustable, Mazda 
lamp, type S-1 bulb). It is noteworthy that the mon¬ 
keys gave definite positive reactions to the rays of the 
lamp, usually selecting that spot where the rays were 
most intense, 

Every animal was watched closely for any signs of 
indisposition. Although there was very little illness 
in the colony, a few mild cases of diarrhea did occur 
and two severe ones. The mild cases were quickly 
remedied by reducing the amount of green vegetables 
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fed to these subjects. Through careful observation the 
experimenter was able to determine the amount of 
greens required by each monkey. Occasionally two 
or three peanuts were added to the diet of those mon¬ 
keys which showed a tendency toVYard diarrhea. The 
regulation of the diet was greatly simplified by the 
fact that the monkeys were caged separately. A vet¬ 
erinarian was consulted with regard to the more seri¬ 
ous cases. The treatment prescribed was a dose of 
bismuth subnitrate about the size of an aspirin tablet 
every two hours during severe attacks until feces be¬ 
came dark. 

That the system of diet and the general care of the 
animals were very satisfactory is indicated by the fact 
that with few exceptions the monkeys were kept in 
splendid physical condition throughout the entire ex¬ 
periment lasting over a period of nearly two years. 

The daily schedule throughout the experiment was 
as follows*. 

Early marning—hour exercise. 

Six to ten of the animals were released together in the runway for 
about thirty minutes, When more than ten animals were being 
housed in the laboratory, a part of them were given their exercise 
before the morning meat and a part after. During the exercise 
period, they were exposed to rays from General Electric Sun Lamps, 

7:30-8:00. Morning meal. 

9:00-11:00. Cleaning cages and watering. 
ll:00-latc afternoon. Experimental period. 

Tile experimental period varied in length according to the number 
of animals being used and according to the difficulty of the problem- 
Late afternoon. Afternoon meal. 

The afternoon meal was fed at the end of the experimental period. 
6‘.00 Evening meal. 
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Upon arrival in the laboratory a leather belt was 
placed on each monkey. Attached to each belt by a 
ring was a light chain approximately 8 inches long 
with a ring at the end. Onto this ring was snapped 
a longer chain which served as a leash. Each animal 
was caged alone. 

In order to give the monkeys an opportunity to make 
a gradual adjustment to the general laboratory con¬ 
ditions, they were left undisturbed in their cages for 
the first few days, except for the necessary feeding and 
watering. At the end of a week the laboratory at¬ 
tendant began the daily taming process. Each monkey 
was taken out on the leash, fed sunflower seeds, and 
led around the laboratory. At the end of approxi¬ 
mately two weeks the taming process was taken over 
by the experimenter and was continued until the ani¬ 
mals seemed fairly well adjusted to the experimenter, 
i.e,, would eat from the hand, etc. The minimum 
time aAowed to e’lapse between the entrance oi a sub¬ 
ject into the laboratory and its introduction into the 
apparatus was live weeks. This varied with the tame¬ 
ness of the animals, additional attention being given 
the animals which were more difficult to tame. It 
also varied to some extent with the time of the ex¬ 
perimenter, since it was impossible to start the last 
group of four monkeys for over two months after they 
were brought into the laboratory, due to the long hours 
required at that time by the other subjects. 

It should be pointed out here that, during the period 
of adjustment in preparation for the regular experi¬ 
ment, the monkeys were not treated as rats usually 
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are, i.e., all given an equal amount of attention, includ¬ 
ing a certain number of days of preliminary handling 
and a certain number of days of adjustment to the ap¬ 
paratus. An attempt was made to bring them all up 
to the same degree of tameness and to get them all 
equally well adjusted to the apparatus. It was, there¬ 
fore, necessary to give a great deal more time to some 
monkeys than to others. .This was done by extending 
the preliminary period over more days and by giving 
the subjects more time per day. The desired end, 
of course, was only approximately attained, since the 
subjects varied greatly in temperament, some being 
more tractable after a few weeks of handling than 
others were after many months. Uniformity was ob¬ 
served to the extent that at no time were any of the 
monkeys treated as pets. 

Geker&l Procedure 

As soon as the monkeys were thought to be suffi¬ 
ciently tame, the process of adjustment to the appa¬ 
ratus was begun. For this purpose the experimental 
room was dark except for the small light over the 
entrance compartment. Each monkey was placed in 
the entrance compartment for five minutes daily for 
one week or until he appeared at ease. "While in the 
compartment, raisins and bits of apple were dropped 
in to him. 

When the subject appeared to be adapted, i.e., ate 
readily and moved about freely, the second stage of 
adjustment to the apparatus was introduced. For use 
in this connection, a tunnel Z6% inches long by 11^ 



416 


lIARRinTT AKUERSON FJELU 


inches wide and inches high was constructed. 

It consisted of a heavy wood frame covered with wire 
mesh. This tunnel was placed in the apparatus to 
form a passage between the entrance compartment and 
the incentive compartment and made it possible for 
the monkeys to become accustomed to the apparatus 
without acquiring practice in reacting lo the plates. 
In addition, it furnished a means of training tliem to 
return to the entrance compartment from the incentive 
compartment in response to the signal of opening the 
entrance door. This was a part of the training in 
preparation for the regular experiment in which it 
was necessary that the animals return to the entrance 
compartment at the end of each trial. During the 
preliminary period they were trained to run through 
the tunnel to obtain food in the incentive compart¬ 
ment and then to respond to the opening of the en¬ 
trance door by returning to the entrance compartment, 
The monkey was placed in the entrance compartment, 
the long chain was removed, and a long cord having 
one end attached to the outer part of the compartment 
was slipped through the ring of the short chain. This 
cord was long enough to allow the monkey to enter 
and explore the food compartment without restraint. 
The large light was then turned on over the main 
box, the inner door left open, and the entrance door 
slowly raised. When the monkey had passed into the 
tunnel, the door was closed behind hioi, and when he 
had entered the incentive compartmcjit the inner door 
was closed. When lie had eaten the food, the doors 
were opened and he was allowed to return to the en- 
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trance compartment. However^ if he did not return 
within one minute, encouragement was given by slight 
pulls on the long cord. Seldom was it necessary to 
pull the animal back forcibly. These trials were 
increased from one to five per day and were continued 
until the animal had learned to return to the entrance 
compartment without aid from the experimenter. The 
entire period of adjustment to the box required from 
two to four weeks, depending upon the animal. 

Even though the monkeys learned to respond to the 
signal of the opening of the entrance door by return¬ 
ing to the entrance compartment during the prelim¬ 
inary period, it sometimes happened that with the 
beginning of the regular experiment, when the tunnel 
was removed, they failed to respond to the opening 
of the door. In case the monkey failed to return at 
once in the regular experiment, one of a variety of 
methods was used to obtain this end. Usually if the 
experimenter walked to the side of the apparatus the 
monkey would go directly into the entrance compart¬ 
ment. However, a few of the animals were inclined 
to run around in the apparatus. For these it was 
necessary to use more drastic measures, such as catch¬ 
ing their cord with a long hook and pulling them 
directly from the incentive compartment into the en¬ 
trance compartment. The most difficult case was that 
of subject A, a very active and playful monkey. After 
approximately two months of rigid training during 
which at the end of each trial the doors w^ere opened 
simultaneously and he was quickly pulled through to 
the entrance compartment, this subject gave no more 
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trouble but returned voluntarily when the doors were 
opened, 

Eacli animal was started on the regular experiment 
as soon as it had learned to return through the tunnel 
to die entrance compartment at the signal of the rais¬ 
ing of the door. T|)e exact procedure for each trial 
in the regular experiment was as follows; 

1. The box was baited and lights turned off in the 
room, leaving only the small light over the entrance 
compartment and the experimenter’s pilot light. Both 
the entrance and the inner doors were closed. (The 
tunnel had been removed from the box.) 

2. The monkey was taken from the living-room, 
led into the experimental room and placed in the en¬ 
trance compartment. (By this time the long chains 
were no longer necessary but had been replaced by 
cords of window-sash size which were tightly secured 
to the rings of the short chains. These were left on 
when the monkeys ran through the apparatus.) 

3. The experimenter sat down at the control table 
and turned on the large light over the apparatus. 

4. The door into the reaction compartment was 
raised. 

5. As soon as the animal had entered the compart¬ 
ment, the door was lowered behind him, 

6. When the animal touched off the necessary plate 
or plates, the inner door opened and he was given 
access to the food. 

7. When he Jiad eaten the food, the entrance door 
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was opened and he returned to the entrance compart¬ 
ment. 

8, The box was then reset for the next trial. 

The incentives used were one raisin and one piece 
of apple about the size of a small raisin. The monkeys 
were allowed to obtain both bits of food at the end 
of each successful trial. The selection of these in¬ 
centives was determined by a series of food tests made 
during the taming period of the preliminary group. 
Tests of food preferences were made by presenting 
in pairs equal-sized pieces of different kinds of food 
and recording the choices of the animals. The types 
of food used in the tests were; apples, sunflower seeds, 
raisins, grapes, bananas, oranges, peanuts, and dates. 
The most frequently chosen food was apple, grapes 
ranking second. However, since raisins also were 
chosen very frequently, it seemed better to use them 
in combination with the apple because they provided 
greater contrast to apple than grapes would. 

The purpose of using two kinds of food was to keep 
motivation more constant. The monkeys varied some¬ 
what in their choices and it seemed likely that a given 
monkey would vary over a long period of time. The 
use of two widely different kinds of food which were 
relatively high in incentive value under the test con¬ 
ditions seemed the most satisfactory method of equaliz¬ 
ing these differences. The foods selected, apple and 
raisin, proved to be very satisfactory since they re¬ 
mained high in incentive value throughout the entire 
experiment, With the beginning of the regular ex- 
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periment and thereafter both apples and raisins were 
strictly excliiclcd from the diet except as incentives. 

In addition to these regular incentives, approxi^ 
matcly six sunlluwcr seeds were fed from the experi¬ 
menter’s iiand upon returning the monkey to the living- 
quarters after each set of five trials. This was done 
for tlic purpose of keeping the subjects tractable. 

Punishment in the form of delays in obtaining the 
food was used in a number of cases where certain 
stereotyped errors developed which required special 
treatment. When the animal went through the trials 
three times in succession in the same stereotyped man¬ 
ner, which involved one or more errors, a delay of 15 
seconds was introduced, i.c., instead of allowing the 
inner door to open, it was held shut for 15 seconds. 
The animal was then required to touch off the plates 
in a manner not involving the stereotyped habit before 
the door was opened, Obviously the delays varied in 
length depending upon the time taken by the animal 
to work the problem after the 15 seconds. In some 
cases these delays were ineffective and the punishment 
was increased to 180 seconds' delay with no food at 
the end of the trial, i.e., after 180 seconds the animal 
was recalled to the entrance compartment. Such 
severe punishment was used only as a last resort and 
when the animal was sufficiently motivated to make it 
practicable. 

The distribution of practice was kept as uniform 
as possible. Step I was begun with one trial per day 
and gradually the number was increased to live de¬ 
pending upon the success of the animal. Beginning 
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Avith Step II and thereafter the subjects were given 
ten trials per day in sets of five. The entire group of 
monkeys was run through the first set in a given order 
and then, beginning over again, they were run through 
the second set in the same order. 

The norm of mastery used was nine perfect trials 
out of ten. A perfect trial consisted of a direct re¬ 
sponse to the plate or plates in the required order 
without any extraneous behavior and an immediate 
entrance into the food compartment. Where a series 
of plates was involved, it was necessary for the animal 
to indicate the end of the series, either by hesitating 
on the last plate or starting directly toward the door. 
If such an indication was given before the last plate 
in the series was reached, it was counted as an error. 
A given subject was trained on each step until it 
reached this degree of mastery and then it was imme¬ 
diately transferred to the next step. 

There were three types of ttials, based on the per¬ 
formance of the subjects: perfect trials, failure trials, 
and corrected trials. Perfect trials were those in 
which the subject responded directly to the plate of 
plates in the required order without any extraneous 
activity and entered the food compartment without 
delay. Failure trials were those in which the animal 
did not succeed in touching off the necessary plate or 
plates in the time allotted. In such cases, when the 
time limit was up the subject was recalled to the en¬ 
trance compartment and, of course, received no reward. 
Corrected trials, involving one or more errors, ranged 
all the way from almost perfect trials to near failure 
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trials, That is, the animal was allowed to obtain the 
food if it depressed the necessary plate or plates in the 
proper temporal order and approached them from the 
required direction, even though a number of errors 
might have been interjected from time to time between 
the correct reactions to the several plates, For ex¬ 
ample, an animal might complete a part of the pat¬ 
tern correctly, then make a number of errors, and later 
return and continue the pattern, completing it within 
the three minutes. Illustrations of the kind of be¬ 
havior involved will be given in connection with de¬ 
scriptions of the various problems. These trials were 
called corrected trials because the animal, after start¬ 
ing the pattern and then making errors, was allowed 
to correct its errors by picking up the pattern again 
at whatever point it was broken off. Obviously they 
were “corrected*’ only from the point of view of the 
experimenter and not necessarily from the standpoint 
of the animal. These trials were successful in the 
sense that the monkey obtained the reward. 

This procedure was necessary in order to maintain 
motivation at a high level. Otherwise the tasks would 
have been so difficult as to cause a piling-up of failure 
trials (no reward allowed) and consequent discourage¬ 
ment of the subjects. Furthermore, it is in accord 
with the usual practice in maze problems. In maze 
work, the rat is allowed to obtain the food when it 
finally reaches the food compartment even though it 
has entered many culs-dc-sac on the way. The rat is 
not required to return to the starting-point and run 
the entire maze correctly before obtaining the reward; 
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in fact, in many cases he is prevented from retracing 
at all. 

Detailed and careful behavior records were taken. 
The time for each trial from the entrance of the ani¬ 
mal into the reaction compartment to the touching-off 
of the last plate in the series was taken. To facilitate 
the taking of other behavior records the floor of the 
box was theoretically divided into quadrants, Quad¬ 
rant A extended from an imaginary line running from 
the center of the entrance door to the center of the 
inner door, to a line cutting through the center of 
plate 1; quadrant B from the center of plate 1 to the 
center of plate 2; quadrant C from the center of plate 
2 to the center of plate 3; and quadrant D from the 
center of plate 3 to the center of the door or the bound¬ 
ary indicated for quadrant A. By reference to these 
quadrants it was a fairly easy matter to indicate the 
path taken by the animal as well as to indicate the 
direction from which the plates were approached. 

The usual learning scores of numl]er of trials, errors, 
and minutes were obtained from the records taken, 
These scores will be presented and discussed in a later 
section of this study. 

In addition to the learning scores, a number of 
others, which for convenience may be classed as 
activity scores, were obtained. These include the total 
number of plates depressed, total number of quadrants 
traversed, number of plates touched per quadrant 
traversed, number of plates touched per minute, num¬ 
ber of quadrants traversed per minute, together with a 
complete analysis of the various types of errors made, 
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By means of these scores it was possible to give a rela¬ 
tively complete description of behavior in quantitative 
terms. 

A description of various other kinds of behavior 
activities was included in the record which was useful 
in interpreting various behavior scores, 

SrEciAL Pkoci'DUwe for the Various Pkoblems 

The study can be conveniently divided into a basic 
problem and an advanced problem. Although, in 
general, the procedure for both problems was iden¬ 
tical, there were a few points of difference which 
should be indicated. 

Basic Problem. The basic problem consisted of 
three steps. A description of the problem will be best 
understood by reference to the flour plan shown in 
Figure 3. In Step I the monkeys were trained to 
depress plate 1, the first plate to the right as they en- 
Cered Cfie reaction compartmeiif. In Step LI pfatc Z 
was added, i.e., the animals were trained to depress 
plates 1 and Z in order. In Step III plate 3 was 
added to the series so that it Avas necessary to depress 
plates 1, 2, and 3 in order. As indicated above, each 
step was mastered to the degree of nine perfect trials 
out of ten before the subject was transferred to the 
next step. 

As mentioned in the previous section, the animals 
were allowed to obtain the reward on what were called 
corrected trials if they depressed the necessary plate 
or plates in the proper sequence and approached them 
from the required direction regardless of the number 
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or kinds of errors which might have beeri interjected 
between the correct reactions. A few specific ex¬ 
amples of this type of trial will make this part of the 
procedure clear. On Step I, since only one plate was 
involved^ the only requirement was that the animals 
step on this plate when going in a counterclockwise 
direction. Many errors, such as pulling at the inner 
door, climbing, circling the cage, touching off the other 
plates, and even touching off plate 1 while going in 
a clockwise direction, might have been made before 
the plate was approached and depressed from the re¬ 
quired direction. Nevertheless, the animal was allowed 
to obtain the reward as soon as he made the appro¬ 
priate response, i.e., depressed tlie plate while running 
in a counterclockwise direction, within the time limit. 

In Step II plates 1 and 2 were to be depressed in 
order. The subject was required to approach the 
plates while going in a counterclockwise direction and 
to depress first plate 1 and later plate 2. He might 
make many errors before reacting to plate 1, and many- 
more errors, such as repeatedly working at plate 1, 
running to the inner door, depressing plate 3, and de¬ 
pressing plate 2 from the wrotfg direction, before mak¬ 
ing the correct reaction to plate Z. However, if he 
had previously depressed plate 1 from the required 
direction, he was allowed to obtain the reward as soon 
as he depressed plate 2 from a counterclockwise direc¬ 
tion. The same principle held for Step III. For 
example, if the monkey made the correct reaction to 
plate 1, omitted plate 2, and depressed plate 3, he 
might still obtain the reward after many intervening 
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errors if he finally depressed plate 2 and later plate 
2 while running in a counterclockwise direction. He 
might even depress only plate 1 on the first trip around 
the cage, plate 2 on a later trip, and plate 3 on a still 
later trip, and yet obtain the reward provided all three 
plates were depressed in the required temporal order 
and direction, regardless of the number or type of 
intervening errors. In other words, the subject was 
allowed to make corrections by picking up the pattern 
at any point where it may have been broken off. He 
was thus not required to begin again at plate I and 
to repeat the whole pattern perfectly before obtaining 
the reward on a given trial. 

It was necessary to place a time limit on the trials, 
otherwise some of the subjects would have required 
a very long time before they succeeded in depressing 
the necessary plate or plates. If at the end of the 
allotted time the monkey had not succeeded in touch¬ 
ing off the plates, it was recalled to the entrance com¬ 
partment and the trial recorded as a failure, The 
trials were limited to either three or five minutes. At 
the beginning of the experiment a limit of five min¬ 
utes was used. However, as the experiment got under 
way, it was observed that the monkeys seldom suc¬ 
ceeded after three minutes and, since during the heavy 
part of the work the experimental period extended 
over such a long portion of the day that it was im¬ 
possible to maintain a proper feeding schedule, it was 
necessary to reduce the time to three minutes. 

The criterion for failure on each step was 2000 
active trials, i.e., if after 2000 trials the animal had 
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not succeeded in reaching the norm it was considered 
to have failed the step. By an active trial is meant 
one in which the animal continued to react to the plates 
in an apparent effort to obtain the food. 

All of the seventeen subjects were trained on the 
three steps of the basic problem. 

Advanced Problem. The advanced problem was a 
continuation of pattern behavior beyond the basic 
problem and consisted in increasing the complexity 
of the series. This increase was secured by the 
addition of another plate at each new step until the 
animal had reached its limit in ability to learn. Fur¬ 
thermore, the advanced problem involved a reversal 
of direction of running at each even-numbered step. 
An example of this is shown in Figure 3. The dotted 
line indicates the correct path for Step IV, i.e., the 
first step of the advanced problem. This step involved 
depressing plates 1, 2, 3, and 2 in order. The animal 
was required to reverse its direction after touching off 
plates 1, 2, 3 and go back to plate 2 in reacting to 
it the second time. If he continued around past the 
door, Dj and touched off plate 2 while going counter¬ 
clockwise, the door was not opened. In Step V the 
series was 1, 2, 3, reverse to 2 and 1. In Step VI 
plate 2 was added, thus requiring another reversal, 
i.e., plates 1, 2, 3, reverse to 2, 1, and reverse to 2. 
In this way the series was increased by one plate at 
a time until it was extended to 23 plates. 

The same principle of procedure was carried out 
here as on the basic problem in regard to allowing the 
subjects to obtain the reward in the corrected trials in 
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which errors were involved. The subjects were merely 
required to react to the plates from the proper tUrec- 
timi, and in the proper temporal order, within the three 
minutes allowed, in order to ()btain tlic reward. They 
were allowed to pick up the pattern at wliatever point 
or points it was broken oiT and to make corrections 
from there on. Tliey were not required to begin at 
plate 1 again and repeat the whole pattern on a given 
trial before obtaining the food, The activities inter¬ 
vening at the various points of interruptions in the 
pattern were recorded and the number and types of 
errors tabulated. However, these errors, even though 
they might be stepping on wrong plates or reacting to 
the right plates from the wrong direction, did not pre¬ 
vent the animal from obtaining the food at tlie end of 
the trial if he later took up the scries and completed 
it within the three minutes allowed for the trial. 

A fairly simple illustration of a subject making a 
corrected trial on Step IV will help to make this clear. 
It may aid the reader, in following the movements of 
the subject, to refer to the floor plan in Figure 3. On 
this step the subject was required to depress plates 1, 
2, 3, reverse his direction and depress plate 2. The 
plates were to be depressed in the proper temporal 
order and from the indicated direction before food was 
obtained. However, after depressing plate 1 (cor¬ 
rect), the subject might omit plate 2 (error), depress 
plate 3 and reverse to plate 2. At this point he has 
merely the response to plate 1 tt) his credit. Now he 
might continue from plate 2 to plate 1 (error), then 
reverse his direction and go back to plate 2 (correct). 
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He now has plates 1 and 2 to his credit. He might then 
continue around to the door (error) passing plate 3 
and later, continuing in a counterclockwise direction, 
depress plate 3 (correct). At this point he has plates 
1, 2, and 3 to his credit. He might now continue in a 
counterclockwise direction (error) around the cage to 
quadrant C between plates 2 and 3, then reverse his 
direction and depress plate 2 (correct). With this 
last response to plate 2, the inner door would open and 
he would be allowed to obtain the food. It is obvious 
that, within the range of these various activities, the 
subject has actually run through the series of plates in 
the proper order and direction. Similar illustrations 
might be continued indefinitely but this example indi¬ 
cates the general principles followed for the trials on 
all of the steps. 

It is understood, of course, that in every case the sub¬ 
ject was required to learn each step until he reached 
the norm of nine perfect trials out of ten before he was 
transferred to the next higher step. When a monkey 
failed to attain this norm of mastery, according to the 
criteria set for the problem, he was considered to have 
reached his limit and was carried no further in the 
experiment. 

In Step IV, as in the three steps of the basic prob¬ 
lem, the criterion of 2000 active trials for failures was 
used. However, some of the monkeys consistently made 
failure trials, i.e., consistently failed to touch off the 
plates in the required order during the three minutes 
allowed for the trials and did not obtain the food. For 
these cases a criterion of 100 consecutive failure trials 
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vvns used. This seemed siiflicieiu since none learned 
any of the advanced steps after ten consecutive failure 
trials. Long before the one-hundrctli trial the animal 
had become inactive and ceased to work at the solu¬ 
tion of the prohlein. This criterion ^vas used in all of 
the advanced steps but for those steps beyond the fourth 
the criterion for failure in the case of active trials was 
reduced to 1000 trials. This seemed fair since none 
learned any of these steps after 630 trials. As a matter 
of fact, all of the subjects were actually given more 
than 1000 trials and one as many as 1775 trials. 

As the series increased in length, the monkeys ran 
more rapidly, and it became increasingly diflicult for 
tJie experimenter to determine Avhether or not the sub¬ 
jects gave the necessary indication of the end of the 
series. For this reason the automatic device which re¬ 
leased the inner door the moment the final plate of the 
series was depressed was not used in the advanced prob¬ 
lem. As already indicated, the door could be released 
by means of a switch on the control table. This switch 
was used throughout the advanced problem, making it 
possible to delay the opening just long enough for the 
subject to indicate his reaction before he could receive 
any signal from the opening of the door. Thus, if he 
hesitated on the plate or started toward the inner door 
the response was correct, but if he continued or turned 
toward the next plate the response was wrong and 
counted ns an error. 

In the advanced problem shock was supplied in the 
plates to serve as a cue in learning the various steps. 
It was used only when the monkey touched the wrong 
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plate. The shock was produced by an alternating 
current of 60 cycles, with a terminal pressure of 500 
volts, an external resistance of 10,000,000 ohms in the 
circuit, and a current of 0.05 milliamperes. The ap¬ 
paratus which controlled the current was the Jenkins 
Stimulation Apparatus which is described in detail by 
Jenkins, Warner, and Warden (32). The setting in 
terms of the apparatus was 500 volts with the resistance 
at step C (step 3 on the instrument). 

In testing out various degrees of electrical stimula¬ 
tion, the voltage was kept at 500 while the resistance 
was varied. The various settings of the apparatus tried 
out were as follows: 


Voltage 

Step 

Resistance 

Ohms 

Milliamperes 

500 

A 

16,000,000 

0.031 

500 

B 

13,000,000 

O.03B 

5Q0 

C 

10,0(i0,0«iQ 

0.050 

500 

D 

a, 000,000 

0.063 

500 

E 

6,000,000 

0.083 


Steps A, B, C, D, and E correspond to the series 1, 2, 
3, 4, and 5 as marked on the instrument board. They 
are here referred to by letter to avoid confusion with 
the numbered steps used in connection with the prob¬ 
lems. 

The shock to be used was determined by experimen¬ 
tation with three subjects of approximately the same 
age and weight as those used in the regular experiment. 
The work extended over a period of about two months. 
The final decision to use step C was largely determined 
by one subject which had previously learned the basic 
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problem and thus was comparable in training with the 
regular subjects used in the advanced problem. The 
tests were made with the subject during the period of 
training on Step IV. The instrument was first set at 
step A. After a few trials at this point, the shock was 
increased one step at a time until it reached step E. 
At this point, the subject became conditioned against 
the plates and refused to work. Shock was then omitted 
entirely until this negative behavior disappeared. 
When the subject began reacting to the plates regularly 
again, shock was introduced with the instrument set at 
step D. The subject now became conditioned against 
this lower shock. The shock was then reduced to 
the next step below, or that used in the regulnr experi¬ 
ment, 

In order to obtain the best results with regard to the 
limits of learning, it was necessary to use a relatively 
light shock to serve merely as a signal. This was true 
because if severe punishment were used the subjects 
woiiJd be likely to become conditioned against the 
plates, as actually happened with one subject used in 
the test experiment. 

A type of delay-punishment slightly different from 
that mentioned in the previous section on general pro¬ 
cedure was found necessary in certain cases in the ad¬ 
vanced problem. It sometimes happened that on the 
higher steps which ended with plate 2 there was a 
tendency for the animal to continue on to the next 
plate instead of stopping at plate 2. This occurred 
especially with subjects which ran very fast, as was true 
of A and V. In these cases, it was necessary to open the 
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door immediately after the final plate was touched but 
to close it again quickly wheii the subject touched the 
next plate. He was then required to touch off the final 
plate (plate 2) again before being given access to the 
food. By the use of this method the error was always 
quickly eliminated. 

Thirteen subjects were used in the advanced prob¬ 
lem. This included all of the monkeys used in the 
basic problem with the exceptions of H, R, Y, and Z. 
As was indicated in the section on protocols, H and Y 
died before beginning the advanced problem; Z was 
employed in the preliminary work on shock and so 
could not be used thereafter in the regular experiment; 
R was eliminated because she failed Step III after 
being given 2000 trials and therefore was not used in 
the advanced problem. 

It is evident from the preceding description that the 
chief differences introduced into the advanced prob¬ 
lem were the reversal pattern to be learned and the use 
of shock to give cues. The division into basic and 
advanced problems has been made merely to simplify 
the discussion of the procedure and the treatment of the 
results. These two parts are to be regarded as one 
experiment, the chid aim of which was to determine 
limits of learning. However, the steps did.not progress 
by equal units of difficulty. This will be made evident 
■with the presentation of the results. The greatest in¬ 
crease in difficulty occurred at Step IV where the re¬ 
versal of direction was first introduced into the task. 



Ill 

ri-lK BASIC PROBLKM 

The data obtained in connection with this cxpei'i- 
ment, as already iiulicatetl, may be divided into two 
classes, learning data and activity data. Under learn¬ 
ing data are included trial, error, and time scores. 
Under activity data arc included all of the scores repre^ 
senting a more detailed analysis of behavior. The 
division has been made for convenience and is some¬ 
what arbitrary since the two groups of data arc closely 
interrelated. 

Learning Scores 

The individual learning scores for the seventeen 
monkeys in the three steps of the basic problem arc pre¬ 
sented in Table 1, 7'hcsc scores represent the learning 
period up to, but not including, the norm. Thus, the 
last eight or nine trials were dropped off, depending 
upon wlicthcr there were nine or less perfect trials in 
succession. As indicated in a footnote to the table, 
580 trials for subject E and 715 trials for F were 
omitted. These trials represent a long period of time 
during ‘which the subjects were permitted to repeat 
stereotyped errors without any cJTort being made to 
break, up the habits. In the case of E, the error was 
circling the box in the wrong direction; of F, going 
directly to plate 2 and back to plate 1. In both records 
the trials have been omitted from the point where 
there had been three successive stereotyped repetitions 
of the error on a given day to the point where a definite 
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TABLE 1 

Results of Basic Problem- Shoiving Individual Learning 

Scores 


Animals 

Total 

Trials 

Failure Perfect 

Errors, 

total 

Minutes, 

total 



STEP I 




Mnl<7/ 

A 

191 

1 

25 

537 

52,30 

B 

ae 

2 

4 

381 

46.58 

C 

213 

60 

24 

1078 

437,65 

n 

301 

152 

29 

866 

776.87 

E 

199 

5 

S 

1053 

160.B3 

F 

Si 

23 

2 

323 

169.50 

G 

197 

52 

2 

430 

210.88 

H 

19 

2 

2 

62 

25.OS 

Fcmalci 

R 

8+ 

4 

5 

439 

59.90 

S 

176 

40 

18 

546 

307.B8 

T 

191 

163 

2 

515 

644.55 

U 

29S 

264 

3 

675 

970.B7 

V 

237 

171 

19 

573 

533.93 

w 

310 

140 

24 

730 

452,90 

X 

142 

71 

26 

221 

265,93 

Y 

34 

14 

7 

9B 

B0.5O 

Z 

22 

1 

Step II 

4 

60 

17.90 

Mn!cj 

A 

461 

0 

100 

1095 

99,42 

D 

285 

0 

38 

721 

111.42 

C 

51 

a 

16 

120 

32,78 

D 

417 

15 

143 

1022 

203.73 

E* 

609 

2 

&1 

1463 

113,28 

Ft 

308 

B 

31 

9B2 

149,87 

G 

49 

13 

14 

394 

46.15 

H 

61 

0 

5 

101 

30,67 

Females 

R 

80 

0 

19 

220 

19.02 

S 

52 

22 

5 

219 

93,60 

T 

12 

5 

1 

21 

19.02 

u 

22 

6 

7 

40 

23.03 

V 

13 

6 

1 

19B 

23.57 

w 

377 

2 

61 

1336 

90.77 

X 

60 

6 

13 

146 

55.57 

Y 

15 

12 

1 

70 

64,40 

Z 

12 

0 

1 

92 

13,65 


*SS0 trials oinittetl. Sec page 434. 
t71S trials omitted, See page 434. 
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TAHLE 1 iconliiiUed) 


A/iimah 

Toinl 

Triflis 

Failure 

Perfcci 

Errors, 

lOUl 

MiHules, 

luial 



STEJ' 

111 



nItiUs 






A 

SI 

0 

39 

lOO 

12.S0 

D 

16‘\Q 

21 

265 

21193 

504.07 

C 

1 

Q 

1 

0 

.12 

1) 

56 

1 

20 

113 

19,53 

E 

297 

+ 

117 

331 

57,B5 

F 

26 

6 

10 

270 

36.67 

G 

SB 

0 

42 

122 

16.53 

H 

17 

0 

4 

30 

5.30 

Femnle/ 






R 

Failed 





S 

552 

1 

lU 

792 

137.38 

T 

7 

0 

2 

1+ 

4.80 

U 

1 

0 

1 

0 

.17 

V 

66 

D 

24 

139 

i).4S 

w 


Q 

BB 

383 

32.80 

X 

LQl 

G 

21 

338 

61.53 

y 

11 

I 

2 

29 

13.55 

z 

2 

0 

1 

3 

.SB 


effort on the part of the experimenter to break up the 
habit was begun. 

The total number of failure trials as well as the 
total number of perfect trials for each subject are 
shown in the table. As indicated in the preceding sec¬ 
tion on procedure, a failure trial is one in which the 
animal fails to touch off the necessary plate or plates 
in the time allowed and thus does not secure the re¬ 
ward. A perfect trial is one in which the subject goes 
directly from the entrance compartment, touches off the 
plates in the required sequence, and enters the food 
compartment without hesitation or extraneous be¬ 
havior. 

The failure trials indicated in Table 1 may be di¬ 
vided into two types, threc-minute and five-minute 
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trials. As noted in the preceding section, a shift was 
made after the experiment was begun from a five- 
minute to a three-minute time limit for trials. Table 
2 shows the distribution of the two types of failure trials 
for the various subjects in the three steps of the basic 
problem. 

TABLE 2 

Failure Trials, Showing Distribution of the Two 
Different Lengths of Trials 


Animals 

Step I 

Length of trials 
Five Three 

minutes minutes 

Step 11 

Length of trials 
Five Three 

minutes minutes 

Step HI 

Length of trials 
Five Three 

minutes minutes 

A 

1 

Q 

0 

0 

0 

0 

D 

2 

0 

0 

0 

12 

9 

C 

sa 

2 

Q 

3 

Q 

Q 

D 

112 

40 

0 

15 

0 

1 

E 

4 

1 

0 

2 

0 

4 

. F 

23 

0 

7 

1 

0 

6 

G 

0 

52 

0 

13 

0 

0 

11 

2 

0 

0 

0 

0 

0 

R 

4 

0 

0 

0 



S 

40 

0 

0 

22 

0 

1 

T 

65 

98 

0 

5 

0 

0 

U 

64 

180 

Q 

6 

Q 

Q 

V 

Q 

171 

0 

6 

0 

0 

w 

0 

140 

0 

2 

Q 

0 

X 

0 

71 

0 

6 

0 

6 

Y 

' 14 

0 

12 

0 

1 

0 

z 

1 

0 

0 

0 

0 

0 

Total 

410 

755 

19 

ai 

13 

27 


The individual scores were combined separately for 
each of the two sexes and also for the group as a whole. 
The measures of central tendency and of variability ob¬ 
tained for these groupings are presented in Table 3. 
Due to the small number of subjects and the great vari¬ 
ability, the median may be considered a better measure 
of central tendency than the average. The median is 
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much smaller than the average for the total group in 
all cases except for trials and errors in Step I. This 
is particularly striking in Step III where subject B 
required 1640 trials to learn the step, while the animal 
ranking next required only S52 trials, and the one 
next ill rank, only 297 trials, As a result, the average 
is almost three times as large as the median for errors, 
more than three times as great for trials, and almost 
four times as great for minutes. The discrepancies 
between averages and medians are on the whole greater 
for the females than for the males. 

The performance of the experimental group is char¬ 
acterized by a very wide range, whether measured in 
terms of number of trials, errors, or minutes, showing 
that some of the monkeys learned very quickly and with 
few errors, while others required a very large number 
of trials and made an enormous number of errors. The 
other measures of variability also indicate extreme 
variability of the group. Due to the small number of 
cases and the spread of the scores, the quartile deviation 
is perhaps the most significant of these measures. How¬ 
ever, the other measures are presented in order to make 
the data comparable with similar studies made of other 
animals. 

Certain factors which may have contributed to this 
variability fall readily into two groups, those which 
relate to the set-up or conditions of the experiment and 
those which relate to individual characteristics of the 
subjects themselves, Several points should be dis¬ 
cussed in connection with the first classification. The 
fact that at the beginning of Step I it was largely a 
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matter of chance whether the monkeys stepped on the 
plate would in itself tend to increase variability on this 
step. The variability of the scores, especially in Step 
I, is further increased by the fact that during the ex¬ 
periment a shift was made from a five-tninute to a 
three-minute limit for length of trials. It has already 
been mentioned that this shift was necessary to save 
time and it was justified by the fact that the monkeys 
usually solved the problem within three minutes or 
failed to do so in five minutes. 

It is quite probable that only the time scores are 
greatly affected, however, since the failure trials were 
usually comparatively inactive ones. This being true, 
the number of errors would not be materially affected. 
Furthermore, the influence Upon number of trials is 
perhaps very slight. It is problematical as to whether 
the greater length of trials would tend to increase or to 
decrease the number of trials. It may be that the 
longer trials tend to encourage the habit of inactivity 
and thus might actually increase the number of trials 
necessary to learn. Since the failure trials represent a 
very small proportion of the total number of trials for 
Step II and an almost negligible proportion of the trials 
for Step III, this factor cannot be regarded as making 
a significant contribution to variability in these steps. 

It might be argued that the use of a high norm, nine 
perfect trials out of ten, would tend to increase vari¬ 
ability. For this reason, the data were computed for 
the three steps on the basis of two lower norms, four 
perfect trials out of five (norm 2), and one perfect 
trial (norm 3). In comparing the norm used (norm 
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1) with the two camputtd nf)rms, it shovild be remem¬ 
bered that in each case the animal was continued on the 
step until he had reached norm I, nine perfect trials 
out of ten. Thus in Steps II and HI the data do not 
show what would have happened if the lower norms 
Jiad actually been used in the preceding steps and the 
animals pushed on as s»ion aS they reached these norms. 

The measures of central tendency and of variability 
obtained by computing the data on the basis of norms 
2 and 3, together with those obtained by the use of 
norm I, arc presented in Table 4. On the wliole, the 
measures of central tendency indicate that considerably 
more trials, errors, and time were required to reach 
each succeeding norm. However, in Step I the differ¬ 
ences between norms I and 2 arc much less than between 
norms 2 and 3. 'Fhc amount of overlapping of the 
scores is shown in Table 5. While this tabic indicates 
considerable overlapping of scores for all of the norms 
in each of the three steps, it substantiates the evidence 
for a much greater difference between the two lower 
norms than between the two higher norms in Step I. 

In comparing the variability of the lower computed 
norms with the higher norm actually used, there seems 
to be no uniformity throughout the three steps. In 
Step I there is a trend toward decreasing variability 
with each higher norm. In Step II, according to the 
cocflkient of variation, the greatest variability is shown 
for norm 2 in trials and errors, while variability for 
time is practically the same for all of the norms. In 
Step III the cocdiclciit of variation indicates a trend 
toward increasing variability with increasingly higher 
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TABLE 5 

Comparison qf Scores for, the Dwferbnt >?drms tor Trials, 
Errors, and Time on the Three Steps of the Basic 
Problem, Showing Percemtaor op Scores for a 
Given Norm Which Reached dr Exceeded 
THE Median of a Lower Norm 


Norms compared 

Trials 

Errors 

Time 

1 and 2 

STBP I 

4I.29& 

41.27o 

47.1% 

1 and 1 

17,6 

21.5 

29.4 

2 and 3 

17.6 

29.4 

35,3 

1 and 2 

Step 11 
2LS 

29.4 

35.3 

1 and 3 

23.5 

17.6 

29.4 

2 and 3 

3S.3 

35,3 

47.1 

1 and 2 

Step III 
29.4 

29.4 

294 

1 and 3 

17.6 

17.6 

17,6 

2 and 3 

29.4 

29.4 

29.4 


norms. From this analysis it does not seem that the 
high norm used had any definite influence upon vari¬ 
ability. 

The factors discussed above are related to the set-up 
of the experiment. There are also a number of factors, 
related to the individual characteristics of the subjects, 
which are of interest in connection with group varia¬ 
bility. The more important are: differences in age, in 
tameness, in playfulness, in the formation of certain 
stereotyped errors of the position-habit type, in the oc¬ 
currence of specific reaction tendencies, in the amount 
of transfer effect from step to step, and in genuine indi¬ 
vidual differences in ability to learn. 

It might he thought that age differences contributed 
to variability within the group. It is impossible to 
determine just how great these differences were since 
the monheys were obtained from an importer and their 
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exact ages ctiuld not be known. Weight and sex cle- 
velopincnt were used as criteria of (ige. While the 
latter criterion was of little use in the case of the males, 
it was useful in the case of the females. Hchultz’s (12, 
Chapter II) estimates seem to indicate that the average 
age of female rhesus monkeys at the time of first men¬ 
struation is probably about 37 months. Using this as 
a criterion, two of the females, S and T, were approxi¬ 
mately 31 montlis old when brought into the laboratory, 
while, at the other extreme, V and W were probably 
about 25 months old. Using the criterion of weight 
as indicated by Schultz's averages, the ages ranged ap¬ 
proximately from IH months (subject V) to 36 months 
(subjects S and T). 11 will be noticed that, according 

to the latter criterion, the age range is much greater 
than that indicated by the sex criterion. However, 
since Schultz’s averages represent very few cases, and 
since he states that there arc marked individual dilTer- 
ences in rate of growth (»f the macaques, weight can be 
taken only as a very rough indication of age. 

Taking the various factors into consideration, it 
seems fair to assume that the total group, when first 
brought into the laboratory, ranged from 24 to 31 
months of age, with an average of 27 months. Tliis 
estimate is supported by the fact that the two largest 
monkeys (females) were judged to be approximately 
31 months of age on the basis of sex maturity. Fur¬ 
thermore, of the six smallest monkeys, all except one 
were females, and, on the basis of sex maturity, no 
female appeared to be less than 25 months of age, vSince 
the smallest male was c.xactly the same weight as the 
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smallest female, one moath's difference was allowed 
for this male, thus bringing the lower limit to 24 
months. An age difference of 7 months seems rela¬ 
tively small when the total life span of approximately 
30 years for the rhesus monkey is taken into account. 
Yet one might expect a real age difference in ability 
to learn since these animals probably had not yet 
reached maturity so far as growth and intelligence are 
concerned. They vpere young growing animals, sex¬ 
ually immature, at the beginning of the experiment. 

However, there is little evidence to show that age 
differences actually had a significant influence upon 
variability of performance on the basic problem. There 
was no significant correlation (—-27=t.l6) found be¬ 
tween age (using weight as a criterion) and number of 
trials required to learn the three steps of the basic 
problem. Furthermore, of the two oldest subjects, S 
and T) the former ranked thirteenth and the latter 
fourth with respect to number of trials required to 
learn this problem. The two youngest subjects, B 
and V, ranked sixteenth and seventh respectively with 
regard to number of trials on the basic problem. How¬ 
ever, the lack of statistical evidence in such a small 
group does not preclude the possibility of a genuine 
age difference in ability to learn. 

Differences in degree of tameness probably did tend 
to increase variability. It was noted in the preceding 
section that such fundamental differences were present 
and could not be eliminated even by giving added at¬ 
tention to certain subjects. These differences would 
tend to increase variability in a number of ways. In 
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Step I, where the jirst success was largely a matter of 
chance, differences in tameness would affect the proba¬ 
bility of the monkey's forming an association between 
a chance success in stepping on the plate and obtaining 
the food. Differing degrees of tameness would also 
make for differences in distractibility. Perhaps most 
important of all, lack of tameness or a tendency to shy¬ 
ness led to conditioning against various parts of the 
apparatus. As was indicated in the protocols, such 
conditioning did occur in the cases of subjects C, E, 
and W. 

A number of other individual characteristics indi¬ 
cated in the protocols affected variability. A high de¬ 
gree of frolicsomeness clearly tended to increase the 
scores of some subjects. This was especially true of 
subject A. Perhaps much of the activity of B and R 
could also be classed as playful behavior. Certain 
specific habits, such as those developed by E, F, and G, 
served to increase the length of the training period for 
these monkeys. Subjects IT, Y, and Z are examples of 
monkeys which tamed readily, developed no negative 
conditioning or stereotyped errors, exhibited little ex¬ 
traneous behavior of any kind, and consequently ob¬ 
tained the three best scores on the basic problem taken 
ns a whole. 

It seems probable that certain specific reaction ten¬ 
dencies peculiar to the individual were of some sig¬ 
nificance in determining the scores. This would seem 
to be indicated by the fact that there was little con¬ 
sistency in the relative clifliculty of the several steps for 
the various individual subjects. As will be shown later. 
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Step I was, Oil the whole, more difficult than either 
Steps II or III. Nevertheless, Step I was easier than 
either of the other two steps for subjects B and E. It 
is quite probable these differences in relative difficulty 
are in some measure due to certain reaction tendencies, 
peculiar to the individual, which affect the rate of 
learning on one step more than on another. 

Differences in transfer effects may also have been of 
importance. This factor is connected with the in¬ 
consistency in the scores of a given subject from step 
to step, and will be discussed in greater detail in con¬ 
nection with the advanced problem. 

It seems that to some extent the wide differences in 
rate of learning represent real differences in ability to 
learn. However, the lack of consistency in the scores 
of a given animal shows that ability to learn cannot be 
judged on the basis of one step alone. 

The question arises as to the relative difficulty of the 
various steps. The number of trials, errors, and min¬ 
utes required to learn each step may be taken as in¬ 
dicative of the difficulty of the step. While the scores 
are too few and too variable to give reliable results, 
there are a few points worth noting. Table 3 shows 
that, based on measures of central tendency for the total 
group, there is on the whole a trend toward a decrease 
in number of errors made and length of time required 
to learn the three successive steps. The opposite trend 
appears to a slight degree for average number of trials, 
while the median number of trials is practically the 
same for Steps II and III. The significance of these 
trends is better shown by a comparison of the scores in 
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TAIJLE 6 

Comparison of Learning ScouKa for tjiu Tiirdo Stiips of the 
Basic Proulcm, Showing Perckntagf: of Suori^s for 
One Stuf Which Reaciiud or ExcuriuiiD tiii; 
Median of a Suesequiint Stef 


Stepi con)|mreil 

Trialf 

Hrrora 

Miliuici 

1 and II 

Z3.S7o 

l7.i7o 

23.5% 

I and 111 

23.5 

i7.C 

0.0 

II and III 

5B.8 

29.-I 

5,9 


the various steps in terms of percentage of overlapping. 
Such a comparison is presented in Table 6, which 
shows much overlapping of scores throughout in num¬ 
ber of trials and number of errors and also much over¬ 
lapping of time scores between Steps I and 11. There 
is little evidence of any real difference in difliculty 
between Steps II and III as measured by number of 
trials or of errors, The median number of trials re¬ 
quired for Step II was 60 while for Step III it was 
6L As shown by Table 6, 59.8 per cent of the trial 
scores for Step II reached or exceeded the median score 
for Step III. It is true that the median number of 
errors for Step II is greater than for Step III and also 
that only 29.4 per cent of the error scores in Step II 
were as good as, or better than, the median score in Step 
III. However, the fact that the percentage of over¬ 
lapping of error scores between Steps I and II is ex¬ 
actly the same as that between Steps I and III seems 
to indicate that the difference between the medians of 
Steps II and III may be due to the smallness of the 
sample and consequent large gaps between the indi- 
vidual scares. The percentages do seem to indicate 
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that Step I was more difficult than either Step II or 

in. 

The only real evidence for a trend toward decreas¬ 
ing difficulty with each succeeding step as indicated 
by this table is in the case of time scores. It is evident 
that on the whole the monkeys took the longest time to 
learn Step I, less time for Step II, and the least time 
for Step III. This speeding-up of activity from step 
to step probably means that the animals were better 
adjusted to the situation, ran faster, and worked more 
consistently at the task. 

Since there was practically an equal number of males 
and females used in the experiment, it seemed feasible 
to compare the scores of the two sexes. However, the 
small number of cases and their extreme variability 
minimize the value of such a comparison. Table 7 

TAULE 7 

Comparison of Lbarning Scores for Males and Females on 
TUB Three Steps or the Basic Proelem, Showing 
Percentage of Males Which Reached or 
Exceeded the Median of the Females 


Steps 

Trials 

Errors 

Minnies 

I 

37.5% 

50.0% 

75,0% 

II 

0.0 

zs.o 

0,0 

III 

37,5 

25,0 

25.0 

1, 11, and ill combined 

25,0 

12,5 

75.0 


indicates that in Step I the females were superior to 
the males only in number of trials, while in Steps II 
and III they were superior to the males in trials, errors, 
and time. However, when the three steps are com¬ 
bined, the males showed superiority in time scores. 
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The males were also superior as regards number of 
steps learned since one of the females failed Step III 
while all of the males learned the three steps. 

A modification of the Vincent method was used to 
represent trends in errors and time. To lessen the 
effect of extreme casesj individual raw scores for each 
tenth of the learning period, as represented by number 
of trials to learn, were converted into percentages of tbe 
total score for a given subject, i,e,, if an animal made 
10 errors during the first tenth of the learning period 
and 50 errors during the entire learning process, his 
score would be 20 per cent for the first tenth. The 
composite percentages were then obtained by combin¬ 
ing the percentage scores for all of the animals. Table 

TAliLE « 

Showing Averaob Prrcuntaoe Scores is Errors and Time i*or 
Each Tenth of tiik Learning Piiitioij in tiik 'fiiRKii 
Steps of the IIasic Proiicrm 


Tenilii Sic|i 1 Sieji 11 Slcp 111 

Errors Ti'me Errors Time Errors Time 


lat 

2n(l 

Jrd 

4lh 

5th 

6lh 

7lh 

Btli 

91 I 1 

10th 

Tolals 


liAi% 

1+.‘1S 

9.74 

B.H9 

10.11 

H.40 

B.55 

7.31 

S,S4 

300.00 


17.3 

17M 

19.18 

10.87 

7.Sf 

7.62 

7.07 

5.SS 

4.21 

2.B4 

lOO.OD 


17.219b 

14.36 

11.72 

10.09 

I1.0.V 

B.56 

iM 

7.24 

6.02 

5.12 

10D.DD 


16.91% 

13.CG 

12.64 

10.72 

10.47 

9.05 

9.73 
7.22 

4.73 
4.B2 

100.00 


12 . 12 % 

11.45 

11.21 

U.OU 

11.97 

9.40 

7.21 

9.52 

7.3S 

0.69 

100.00 


14.46% 

11.57 

10.97 

10.53 

9.94 

9.69 
7.56 
0.20 

7.69 
9.39 

100.00 


8 shows that the first point on the error curve for Step 
I would be 13.15. This means then that on the average 
the animals made 13.15 per cent of their errors during 
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the first tenth of the learning period. The final point 
on the same curve would be 5.54, showing that on the 
average only 5,54 per cent of the errors were made dur¬ 
ing the last tenth. The trends for time were obtained 
in exactly the same manner. In addition to decreas¬ 
ing the effect of the extreme cases this method of treat¬ 
ing the data has the advantage of putting all of the 
trends on the same numerical basis and thus making 
them comparable in that sense. 

As shown by Table 8, the error and time trends for 
Step I take the same general form with a rise on the 
second and third tenths and then a fairly consistent 
drop to the end. However, the time trend is the more 
exaggerated of the two, starting at a higher point, tak¬ 
ing a rise, then a fairly steep drop, and ending at a 
point considerably below the final point of the error 
trend. This difference is due in part and possibly en¬ 
tirely to the greater length of the failure trials for some 
monkeys at the beginning. In regard to the initial 
rise, an analysis of the individual curves revealed the 
fact that twelve out of the seventeen error curves show 
a rise at either the second or third or both points while 
10 of the 17 time curves show a similar rise. Such a 
rise is to some extent explained in the case of errors by 
the fact that a number of subjects exhibited very little 
activity of any kind at first and later became more 
active, However, this explanation would not affect 
the time trend. This initial rise in the curve would 
sccni to relate to the difficulty in forming the habit of 
reacting to plates. In certain cases the first trials 
were successful and required very little time. These 
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trials, however, were followed by a scries of failure or 
very poor trials, indicating that the early successes had 
probably been more or less accidentni. 

The trends for Step II differ from those for Step I 
in that there is no initial rise and the cinic and error 
trends are almost equal as to anioiint of drop. 

In Step III there appears to be a general flattening 
of all of the trends as well as a greater unevenness. 
Reference to individual scores in Table 1 shows that 
two animals learned the step in one trial each and a 
third learned in two trials. Thus the individual curves 
for two monkeys are perfectly Hat, and that for a third 
appears as a continuous level for the first half and a 
continuous lower level for the second half. The initial 
point is somewhat higher for the time trend than that 
for the errors trend. This same characteristic appears 
in 9 out of the 16 individual cases. The time trend 
then makes a more rapid descent to the seventh point 
after which it takes an upward turn. This would seem 
to indicate acceleration of activity througli the seventh 
tenth and a slowing-up from that point on. 

Activity Scores 

The activity data involve a variety of scores which to 
some extent afford a quantitative description of the 
behavior of the monkeys during the learning process; 
(1) those scores which were obtained directly from 
the original data; (2) those scores which were com¬ 
puted from the original time and activity scores; and 
(3) those scores which were obtained by analy/jing the 
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eri'ors into various classes. It will be convenient to 
discuss these three groups separately. 

The first group includes the number of plates de¬ 
pressed and the number of quadrants traversed. The 
total score for number of plates depressed for a given 
monkey on each step was obtained directly from the 
records by counting the total number of reactions to 
plates for that individual. This score was largely a 
measure of the amount of activity directed toward the 
plates in contrast to general activity. The number of 
quadrants traversed was also obtained directly from 
the records. As indicated in the section on procedure, 
the reaction compartment was regarded as being di¬ 
vided into quadrants. A record was made of the path 
taken by the subject throughout each trial in terms of 
these quadrants. The number of quadrants, then, was 
obtained by counting the number of quadrants the 
monkey actually traversed, as shown by the records. 
This score was^ therefore, a rough measure of the 
total distance traveled by the animal. These original 
activity scores are fairly closely related to the learning 
scores and are definitely affected by the length of the 
learning period. For example, if an animal took a 
very long time to learn he would presumably touch off 
more plates and traverse more quadrants than if he 
learned very quickly. This would be true in cases 
where the animals worked consistently at the problem. 
However, it is not so true on Step I since some of the 
animals were very inactive at the beginning. 

The original activity scores for the individual ani¬ 
mals on the three steps are shown in the second and 
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third columns of Table 9. I'Jie corresponding meas¬ 
ures of central tendency and of variability are pre- 

I'AIILE 9 

Results op IIasic Proulem Siiowincs Individual Activity 

Scores 


Animoli 

VInICI 

tlcprcBied 

QiiadraniB 

irnvericd 

duodratiia 

per 

ptaie 

I'laicN 

|icr 

miniric 

Qundrnnia 

per 

jnidiKe 

Mala 


Step I 



A 

357 

625 

1.75 

6.83 

11.95 

B 

224 

534 

2.30 

4.81 

11.46 

C 

25<; 

1238 

4.04 

.58 

2.83 

D 

233 

1697 

7.28 

.30 

2.18 

E 

337 

435 

4.2C 

2.10 

8.52 

P 

51 

•I2K 

B.99 

.30 

2,53 

G 

1-18 

797 

5.19 

.70 

3.7B 

n 

17 

62 

3.65 

.68 

2.48 

Femala 

R 

2H3 

45B 

1.62 

4.72 

7.65 

S 

171 

592 

3.46 

.56 

1.92 

T 

31 

815 

26.29 

.05 

1.26 

U 

31 

709 

22.87 

.01 

.73 

V 

121 

737 

5.94 

.23 

I.3B 

w 

182 

974 

5.35 

.4(1 

2.15 

X 

75 

376 

5.01 

.28 

1.41 

y 

J9 

SO 

3J6 

.24 

.75 

z 

Malts 

21 

30 1.43 

Step II 

1.17 

1.68 

A 

1S5S 

2744 

1.76 

15.64 

27.60 

n 

1003 

1543 

1.54 

5.(10 

13.85 

C 

176 

22B 

1.30 

5.37 

6.96 

D 

H59 

3440 

2.36 

7.16 

16.B9 


laos 

3237 

1.79 

15.93 

Z8.SH 

rt 

10<11 

2065 

1.98 

6.95 

13.78 

c; 

221 

520 

2.33 

4.63 

11.27 

11 

Idi 

190 

I.IG 

5.35 

6.19 

J'ciiia/rs 

11 

279 

43K 

1.57 

14.67 

23.03 

S 

184 

301 

1.64 

1.97 

3.22 

r 

23 

39 

1.70 

1.21 

2.05 

V 

56 

79 

1.41 

2.43 

3.43 

V 

112 

221 

1.97 

4.75 

9.3R 

w 

1525 

2461 

1.61 

16.80 

27.11 


18(1 

270 

1.50 

3,24 

4.86 

V 

37 

58 

1.57 

.57 

.90 

7, 

75 

B7 

1.16 

5.49 

6,37 


*5B0 Irjah oniiuei], See pn^c 43L 
•fJlS iriala omiiicil. See pnge -HI. 
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TAHLE 9 {continued) 


Antmah 

Plattsg 

depressed 

Quadrants 

traversed 

QuadrnntB 

per 

plate 

Plaics 
per 

minute 

Quadrants 

per 

minute 

Malct 


Step III 



A 


547 

1.49 

28.59 

42.73 

B 

79SS 

13732 

1.73 

1S.7B 

27.24 

C 

a 

a 

1.00 

25.00 

2S.Q0 

n 

24 G 

422 

1.72 

12.60 

21.61 

E 

13G3 

1BS3 

1.36 

23.56 

32.03 

F 

316 

441 

1.55 

S.62 

13.39 

G 

440 

6SB 

1.50 

26.62 

39,81 

II 

7S 

91 

1.21 

14.15 

17.17 

Femnlej 






R 

Failed 





S 

2G20 

3693 

1.41 

19.07 

26.BB 

T 

31 

35 

U3 

6.46 

7.29 

U 

3 

3 

1.00 

17.6S 

17.65 

V 

341 

440 

1.29 

40.21 

51.89 

W 

1082 

1557 

1.44 

32.99 

47.47 

X 

517 

675 

1.31 

B.40 

10.97 

Y 

49 

65 

1.33 

3.62 

4.B0 

Z 

7 

10 

1.43 

12.07 

17.24 


seated in Table 10. The scores are shown separately 
for the males and females and for the total group. 
The medians and averages indicate consistent increases 
from step to step in the number of plates depressed. 
This might be expected because of the increase in the 
number of plates involved in the solution of succeeding 
steps. A similar trend appears in the average but not 
in the median number of quadrants traversed. The 
fact that the median number of quadrants is largest for 
Step I while the median number of plates is smallest 
on this step indicates that there was a large amount of 
activity not directed toward the plates. This is prob¬ 
ably indicative of the difficulty of the initial learning 
to react to plates. 

The measures of variability indicate marked indi¬ 
vidual differences in the number of plates touched and 
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the number of quadrants traversed. These differences 
agree fairly closely 'with corresponding differences in 
the learning scores (Table 3). The same factors 
which contributed to variations from individual to in¬ 
dividual in learning scores would seem to be involved 
here, These factors have already been discussed in 
some detail in connection with the learning scores. 

A modified Vincent method (see page 4S2) was used 
to represent trends in number of plates touched and 
number of quadrants traversed. As shown by Table 
11, for the most part these trends are of the descending 


TABLE 11 

Showing Average Percentagb Scores for Number of Plates 
Depressed and Number of Quadrants Traversed for 
Each Tenth of the Learning Period on the 
Three Stefs of the Basic Problem 


Tenths 

Plates 

Step I 
Qimdrnnla 

Step 11 

PInIcs Quadrants 

Step III 

Plates Quadrants 

iBt 

5.64% 


i5.oa% 

13.59% 

10.41% 

10.56% 

Znd 

4.79 


11.84 

12.56 


10.7B 

3ril 

6.84 

12.48 

10.26 

11.46 


10.69 


B.97 


9.46 

10.05 

10.13 

10.64 

5lh 

9.7B 

9,71 

9.79 

10.34 

10.69 

10,45 

mm 

mmm 

11.51 

B.B9 

9.26 

10.15 

9.77 

HH 

un 

9,94 

9.00 

9.77 

9.0B 

8,95 

Bn 

BBEI 

9.49 

B.37 

B.07 

9,B4 

9,91 

Bn 

BBS 

B.70 

B.92 

7.87 

9.19 

B.97 


wm 

7.25 

B.44 

7.04 

9.77 

9.2B 

Total 

100.00 

100.00 

lOO.OQ 

100.00 

100.00 

100.00 


type. The one striking exception is the trend for num¬ 
ber of plates depressed on Step I, which is of the as¬ 
cending type. This shows a steady rise in the tendency 
to react to plates on this step. The fact that the cor¬ 
responding curves on succeeding steps arc of the 
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descending type indicates that the monkeys had ac¬ 
quired the habit of reacting to plates by the completion 
of Step I and that on succeeding steps the task became 
more definitely the selection of the correct plates in 
the correct order. 

The second group of scores (computed scores) in¬ 
cludes the number of quadrants traversed per number 
of pjates depressed, the number of plates depressed per 
minute, and the number of quadrants traversed per 
minute. The quadrant-plate ratio was obtained for 
each individual on a given step by dividing the total 
number of quadrants traversed by the total number of 
plates depressed by that animal. It should be pointed 
out that a perfect score in number of quadrants per 
plate would be 1.00, i.c., in making a perfect trial on 
Step I the subject would touch off one plate and tra¬ 
verse one quadrant; on Step II he would depress two 
plates and traverse two quadrants, etc, Thus the 
quadrant-plate relationship for a perfect trial on any 
step would be a one-to-one ratio, This ratio gives a 
fairly accurate measure of the proportion of activity 
wiiich was directed toward the plates, Obviously the 
proportion might be the same for a subject which 
required few trials to learn as for one whicli required 
a great many trials. For example, a monkey which 
learned a given step in 25 trials might by playfully 
running around in the box or skipping plates on some 
of the trials make a very high (poor) quadrant-plate 
score, Another monkey wliicji rcijiiired 250 trials 
might be, on the average, equally playful and skip 
about the same proportion of plates thus making liis 
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quadrant-plate score practically the same as that of the 
monkey which learned in 25 trials. 

The number of plates depressed per minute was ob¬ 
tained by dividing the total number of plates depressed 
by a given subject during training on a step by the total 
number of minutes required to learn the step. These 
scores represent, to a large degree^ speed of activity and 
will be referred to frequently in this way. They, like 
the quadrant-plate ratio, are relatively independent of 
the rate of learning and might conceivably be identical 
for two monkeys one of which required many trials to 
learn and the other very few. For example, a monkey 
which learned a step in 20 trials might run at the same 
rate of speed as one which required 200 trials to learn 
it. It would seem that these computed scores give 
some indication of the adjustment of the animal to the 
problem situation. An animal which was well adjusted 
to the problem would tend to work consistently at the 
plates and thus obtain a relatively good quadranf-per- 
plate score. Likewise, as the animals became well 
adjusted they also became more active, thus tending 
to increase their speed-of-activity scores. 

The scores for this second group (computed scores) 
for the individual monkeys are presented in the fourth, 
fifth, and sixth columns of Table 9. The correspond¬ 
ing measures of central tendency and of variability ap¬ 
pear in Table 12. The measures of central tendency 
indicate a marked improvement in the quadrant-plate 
ratio from step to step, while the measures of varia¬ 
bility show striking decreases in differences within the 
group. The wide range on Step I was probably due, 
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in small part, to the chance factor, Avhicli a/Tects this 
step more than later steps, and in larger part to the 
cli/IiciiJty in learning to react to plates. With the 
learning of iStcp I this type of reaction ^vas fairly well 
established for all subjects and consequently the di/Ter¬ 
ences from individual to individual with respect to the 
quadrant-plate scores were less on succeeding steps. 

The measures of central tendency for speetl-of-ac- 
tivity scores indicate large increases in the scores frojii 
step to step while the coeflicients of variation show a 
trend toward decreasing variability. Thus the group 
as a whole shows a speeding-up of plate and quadrant 
activity and at the same time the variability within the 
group shows a decrease with each succeeding step. 

A comparison of the computed activity scores for the 
several steps is shown in Table 13. On the whole, the 
table shows relatively little overlapping of the scores 
from step to step. This would seem to indicate that 
the superiority of the median scores on each succeeding 
step is of some significance. The greatest amount of 
overlapping appears between Steps II and III for 

TABLE 13 

CoMi'AfiisoN OF Co.Mi'UTED AcTivrrv Scnuiis ON Tirn Tiiree 
Steps of the Basic Problem, Showing Pi-rl'entaiji- of 
Scones ON One Step Which Reacmi-d on E.vciu-ni'D 
THE Median of a Subsequent Step 


Slepa compnrud Qunilrnnis Mku'h Qiindraiils 

jier |i(nli! per iDimiic per iiiiiuile 

i.9% 

0.0 0.11 

17 .C 0.0 


I nnd II 
I niul III 
II and III 


11.B% 
II.O 
17,0 
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quadrants per plate and quadrants per minute. There 
is less overlapping between Steps I and II. The im¬ 
provement in the quadrant-plate ratio together with 
the speeding-up of activity indicates better adjustment 
to the problem situation and a more consistent working 
at the task from step to step. 

Some rather interesting differences were found be¬ 
tween the males and females of the experimental group 
with regard to the activity scores. The percentages 
shown in Table 14 indicate that, while there is a con- 

TAHLE 14 

Comparison of Comi'utkd Activity Scores for Males and 
Females on the Three Steps of the Basic Prodlem, 
Showing Percentage of Females Which Reached 
OR Exceeded the Median of the I^-Iales 


Steps 

Quacirniits 
per plate 

I’Intcs 
per minute 

Quadrants 
per minute 

I 

4-K+?'o 

22.2% 

11.1% 

11 

8a,9 

22.2 

22,2 

III 

100.0 

2S.0 

37.S 

1, 11, and 111 combined 

62.5 

25.0 

25.0 


siderablc overlapping of scores, as a group the males 
were consistently superior to the females with regard 
to the rate of touching plates and traversing quadrants. 
This bears out the observation that, on the whole, the 
males were more active than the females. On the other 
hand, with the exception of Step I, the females were 
definitely superior with regard to the quadrant-plate 
ratio. In this connection it will be remembered that 
the females also were found to be superior to the males 
in trial and error scores on the basic problem (Table 
7). Thus it appears that, in general, the females 
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worked more slowiy but more cfliciently than the males 
on the basic problem. 

The data for the speed-of-activity curves on the three 
steps arc presented in Table 15. These trends were 

TAI1U-: 15 

SiiowjNo Average NuMniiR of Plates per Minute a.sd Quad¬ 
rants PER Minute for Each Tenth or the Learn¬ 
ing Period on tub Three Stei's of the 
Hasic Phoeleai 


Tenihs 

Sieti 1 

Sup U 

Step III 


Ffnlcs 

Qundraiilf 

Pules 

Quaurunis 

J’loics 

(lundranta 


per 

per 

per 

per 

per 

per 


niinulc 

minute 

miniiie 

minute 

niinulc 

minute 

let 

.5+ 

2.87 

6.22 

9.91 

17.41 

22,44 






18.92 

24.93 

3ril 

,97 

3.05 

B.68 

l-i.25 

19.37 

26.B1 

4 th 

2.00 

4,74 

B.54 

13.61 


28.95 

5lh 

3.53 

6,B9 

10.52 

16.19 

21.31 

2B.39 

fiih 

3.44 

7.43 

10.12 

16.118 

24.08 


7lh 

3.99 

a.33 

9.45 

15.41 

27.48 


Sih 

4.37 

7.91 

9.90 

15,13 

24,76 

32.S9 

9iH 

7.7B 

12,03 

11.91 

20.11 

26.59 

33.67 

lOih 

B.7H 

14.31 

15.79 

21.60 

23.97 



obtained by the regular Vincent mctJiod. The modi¬ 
fied form was not used since the totals of these measures 
have no significance and the conversion of the raw 
scores into percentages of a meaningless quantity could 
scarcely be justified. Inspection of the table reveals 
the fact that the data readily fail into two continuous 
and almost parallel curves for the three steps. The 
curves for plates per minute and quadrants per minute 
thus shown would appear as ascending curves with a 
drop at the beginning of Step II to a point slightly 
below the ninth segment of Step I, but a coiUiiuious 
ascent at die beginning of Step III. 7'lic peak for 
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both curves is reached on the seventh tenth of Step III. 
Reference to individual scores in Table 9 shows that 
the increase in activity from step to step is highly rep¬ 
resentative of the group since in every casCj with one 
exception, the score rises on each succeeding step. 

The third general group of activity scores consisted 
of analysis scores, those scores which were obtained by 
analyzing the errors into various types or classes. A 
classification of the various types of errors was made 
in the light of observed behavior and a careful study 
of the records obtained. The classification used was 
as follows: 

Omissions of plates 1, 2, and 3; •wrong plates 1, Z, 3, 
The general rule throughout was to classify an error 
as an omission only when a single plate was omitted, 
the preceding plate and succeeding plate in the series 
having been touched. For example, in Step III if 
plate 1 was passed and plate 2 touched, the error was 
recorded as an omission of plate 1. However, if plates 
1 and 2 were both passed and plate 3 touched, the error 
was recorded as wrong plate 3. Obviously in Step I 
there would be no omissions of plates 2 or 3 since these 
plates were not used in a correct solution of the prob¬ 
lem. Likewise, there would be no errors of wrong 
plate 1. In Step II there would be no omissions of 
plate 3. 

Wrong direction. Both starting the trial in the 
wrong direction and approaching the right plate from 
the wrong direction were included under this classifi¬ 
cation. 
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Irregular course. This classiRcntioti Included zig- 
zriBging back and forth in the apparatus which did not 
fall under any of the previous classes. This type of 
error was counted only once in a given trial. 

Climbing, Climbing was counted only once for a 
single trial. The amount of time spent in climbing 
was the significant factor rather than the number of 
times climbing was resorted to, Unfortunately it was 
not possible to keep a time record on this. 

Entrance door. This included going to or working 
at the entrance door. 

Inner door. This included going to or working at 
the door to the incentive compartment. 

Around, This refers to going around the incentive 
compartment without touching plates. 

Running beyond. Running beyond means continu¬ 
ing to run around the box or to work at plates instead 
of stopping or running directly to (he door when the 
last plate was touched. 

Miscellaneous, This classification included mostly 
reactions which were extremely slow, and various in¬ 
cidental habits which were developed by certain sub¬ 
jects, such as reaching to the top of the cage instead of 
stepping on the plate, straddling the plate with all fours 
and then pivoting around it, jumping backwards in the 
direction of the plate and missing it, and touching the 
plate too lightly to depress it. 

The errors were tabulated under these various classes 
for each monkey on each of the three steps. The num¬ 
ber of errors for each chnss was then converted into a 
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percentage of the total number of errors made by the 
Ralma.1 oi\ the step. Thus, qu Step I ^ gW^S\ 
key made 200 errors altogether and 10 of these errors 
were classified under lorong plate 2, then his score for 
wrong plate Z would be 5 per cent. This would indi¬ 
cate that 5 per cent of the errors made by this subject 
were of the wrong-plate-2 type. When all of the in¬ 
dividual scores had been computed they were combined 
and averaged to obtain the figures for Table 16. The 

TABLE 16 

Types or Errors, Showing the Distribution of Each 
ON THE Three Basic Steps 


Types of errors 

Step I 

Step II 

Step III 

Omission of plates: 

Plntc 1 


11.00% 

19.00% 

Finic 2 

.00 

2.99 

8.74 

Plate 3 

.00 

,00 

3.63 

Wrong plates: 

Plate 1 

.00 

18.11 

14.07 

Plate 2 

3.12 

4.26 

9.49 



11.04 

U.U 

Wrong ilirection 

12.95 

8,79 

B.55 

Irregular course 

12.62 

7.15 

3.82 

Climbing 

10.21 

5.88 

3.45 

Entrance door 

12,-14 

8.12 

2.90 

Inner door 

15.59 

B.ll 

7,36 

Going around: 

Counterclockwise 

2,59 

1.9S 

2.55 

Clockwise 

3,36 

.36 

.26 

Running beyond 

.91 

1.30 

.05 

Miscellaneous 

18,37 

10.00 

4.17 

Total 

100.00 

100.00 

100.00 


score .91 for Step I in the first array indicates, there¬ 
fore, that on the average only .91 per cent of the errors 
made by the monkey were of the type classified as omis¬ 
sions of plate 1. 
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The table shows that in each succeeding step there 
is a tendency for the percentage of errors having to do 
with the plates to increase and the percentage of ex¬ 
traneous errors to decrease. This migjit be expected 
since with each step one or more classes of errors con¬ 
cerned with plates are added. However, this trend 
appears in the individual classes of omissions of plate 1, 
wrong plate 2, and omissions of plate 2. There is a 
decided increase in the proportion of wrong-plate-3 
errors from Step I to Step II followed by a very slight 
decrease for Step III. Errors of wrong direction 
would necessarily be classified between the two groups 
since, as indicated by the description above, a part of 
these errors were wrong reactions to plates and a part 
were not. Here as in the extraneous errors there is a 
descending trend from step to step. 

It will be noticed that the three types of errors having 
the highest percentage frequencies for Step I are; mis¬ 
cellaneous, inner door, and wrong direction. For Step 
II they are: wrong plate 1, wrong plate 3, and omis¬ 
sion of plate I; and for Step III the same three classes 
but in the order; omission of plate I, wrong plate I, 
and Wrong plate 3, 

Table 17 presents the distribution of the various 
types of errors throughout the learning periods of Steps 
I, II, and III. To obtain these data, the individual 
records were first made up by finding separate totals 
for the various classes of errors for each tenth of the 
learning period. These sums were converted into 
percentages of the individual’s mtal errors for the re¬ 
spective tenths. These percentages were then com- 
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bined and averaged for the group. Thus, the first 
number in the table, .24, means that, during the first 
tenth of the learning period, on the average .24 per 
cent of the errors made by the monkeys were omissions 
of plate 1. 

The table indicates that, in general, on Step I errors 
concerned with reactions to plates tend to increase in 
relative frequency, as do errors of irregular course, 
running beyond, and miscellaneous errors. On the 
other hand, errors of climbing, working at the doors, 
and going around the food compartment without 
touching the plates tended to decrease in relative fre¬ 
quency as learning progressed. 

The data for Step II indicate upward trends for 
omissions of plate 1, wrong plate 2, wrong plate 3, 
wrong direction, going around counterclockwise, run¬ 
ning beyond, and miscellaneous errors, while down¬ 
ward trends are shown for wrong plate 1, irregular 
course, and running to the entrance door. The most 
striking trends are exhibited in regard to decreasing 
reactions to plate 1. This is shown by the consistent 
decrease in the relative percentage of wrong reactions 
to plate 1 and by the consistent increase in the relative 
percentage of omissions of plate 1. As was indicated 
by Table 16, wrong plate 1 and omissions of plate 1 
were both important types of errors in Step II, ranking 
first and third respectively in percentage frequency. 
In terms of behavior, then, the records indicate that, at 
the beginning of the learning period there was a strong 
tendency to work repeatedly at plate 1, in other words, 
to repeat the habit which was successful on the first 
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sfep. The tendency gradually diminished while there 
was built up the tendency to omit plate 1 entirely and 
run directly to plate 2. There ii also a rising trend in 
wrong reactions to plate 3, Thus in the learning of 
Step II there appears to be nn increasing emphasis on 
plates 2 and 3 at the expense of reactions to plate 1. 

As might be expected, in Step III the jnost pro¬ 
nounced ascending trend occurs for wrong reactions to 
plate 3. Omissions of plates 1 and 2 also show ascend¬ 
ing trends although quite irregular. The trend for 
wrong reactions to plate I is almost the converse of 
that for omissions of plate 1 showing a steep drop to the 
third point, then a slight rise, another drop at the sixth 
point, and then a gradual rise to the end. So far as 
reactions to plates are concerned, then, there is an in¬ 
creasing tendency to react to plate 3 and possibly to 
plate 2, and a decreasing tendency to react to plate 1. 
Again, as in Step II, there is an increasing tendency to 
run directly to plate 2, omitting plate 1, a decreasing 
tendency to return to plate 1 after it has once been de¬ 
pressed, and an increasing tendency to react to plate 3 
directly or before the other plates have been depressed 
in order. 

Since the predominance of certain types of errors 
and the absence of certain others might be closely re¬ 
lated to the rate of learning, a comparison was made of 
the types of errors for two extreme groups, Table 18 
presents average percentages for the cli/TerciU types of 
errors made by the four best subjects in comparison 
with averages of the four poorest subjects for each of 
the three basic steps. The subjects were selected on 
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TABLE 18 

Comparison of Extreme Groups, Showing Distrieution of 
THE Various Types of Errors on the Three 
Basic Steps 


Types of errors Step 1 Step II Step III 

Superior Inferior Superior Inferior Superior Inferior 


Omiasinn of plates: 

Plate 1 

.47% 


.00% 

23.59% 

6.01% 

35,58% 

Plate 2 

.RO 

.00 

3.96 

2.66 

9.37 

7,75 

Plate 1 

.00 

.00 

.00 

,00 

.00 

2.96 

Wrong plates; 

Plate 1 

.00 

.00 

29.3 B 

6.56 

7.80 

16.81 

Plate 2 

1.30 

1.44 

.36 

6.91 

15.18 

3,18 

Plate 3 


3.13 

fl.B4 

16.22 

10.29 

ll.SB 

Wrong direction 

4.73 

18.99 

l.&l 

11.72 

10.51 

2.1S 

Irregular course 

5.4(1 

20.fSl 

6.33 

7,S3 

B.3] 

2.17 

Climlnng 

a.Id 

15.B8 

6.66 

2,67 

5,36 

3.31 

entrance door 

15.74 

12.08 

15.26 

3,72 

.86 

3.29 

Inner door 

23.34 

9.54 

11.64 

6.90 

16.86 

5.43 

Going Qraund; 

Counterclockwise 

3.01 

2.64 

.00 

5.35 

.86 

2.80 

Ciockwise 

1.49 

3.08 

.13. 

MO 

.00 

.01 

Running beyond 

3.09 

.00 

.00 

2.S4 

.00 

.03 

MiJcclIancoua 

22.d0 

11.76 

15.63 

2,23 

8.57 

2,95 

Total 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 


the basis of number of trials to learn and not on the 
basis of number of errors. On Step II subject E made 
the poorest record and subject F fifth from the poor¬ 
est, However, since neither of these was a representa¬ 
tive case, due to their having been allowed to continue 
fixed habits over a long period of time, they were ex¬ 
cluded from this comparison and subject B, which held 
the sixth place from the end, was used. Even with this 
shift, there was still a very large gap between the two 
groups. The number of trials for the poorest of the 
superior group was 15 and that for the best of the 
inferior group was Z8S. In Step III the two best 
monlteys were excluded because they made no errors at 
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ali. Thus it was necessary to use the subjects ranking 
fifth and sixth. Nevertheless, the gap between the two 
groups was from 17 to 2J4 trials. 

Tabic 18 shows that for Step I the error of running 
to or working at the inner door ranks first, and mis¬ 
cellaneous errors second, in average percentage distri¬ 
bution for the superior group. On the other hand, 
these errors take sixth and fifth places, respectively, 
for the inferior group. Errors of irregular course and 
wrong direction rank first and second respectively for 
the latter group, while for the superior group they rank 
sixth and seventh in relative frequency. That all four 
types of errors were relatively difiiciilt to eliminate is 
indicated in Table 17 by rising trends. 

It is not improbable that running to or working at 
the inner door, and miscellaneous errors, represent v; 
more definite attack on tlic problem than irrcgular 
coursc and wrong direction. The latter may represent 
merely running around in the box 

On Step II one striking difFerciicc in the behavior of 
the two groups had to do with reactiofis to plate 1. The 
poorer learners were Inclined to omit this plate and run 
directly to plate 2, while the better learners never 
omitted plate 1 but frequently repeated the reaction to 
plate I before going to plate 2. 

Again on Step III the error of omitting plate 1 was 
of first importance for the inferior group, but relatively 
unimportant for the superior group. Table 17 also 
indicates that the omission of plate I was a troublesome 
error. The ascending trends which it displays ffir both 
Steps II and III indicate that it was one of the most 
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difficult to eliminate. The error of wrong plate 2, 
which in Step III shows the highest average percentage 
for the better group, is well toward the end of the list 
for the poorer group. This error, which consisted to a 
large extent in repeating plate 2 after it had once been 
touched, was evidently less serious since it showed little 
tendency to increase in relative frequency throughout 
the learning period. 

It seems probable that to some extent the relative 
frequencies of certain types of errors were due to speci¬ 
fic reaction tendencies peculiar to the individual mon¬ 
keys. However, there is nothing conclusive in the data 
to support this. Nevertheless, it is evident that the 
predominating types of errors do differ for the two 
extreme groups. While the cases are too few to draw 
any definite conclusions, they suggest that the predomi¬ 
nating types of errors may be of considerable sig¬ 
nificance. 

Summary 

1. The study involved testing seventeen young 
rhesus monkeys in the Jenkins problem apparatus, 
which provides tasks of increasing complexity, with¬ 
out changing the type of motor response. The basic 
problem consisted of a series of three steps of increas¬ 
ing complexity, 

2. All of the subjects met the required norm of 
mastery (nine perfect trials out of ten) on Steps I and 
II and all except one on Step III. 

2. The learning scores (trials, errors, time) and 
also the original activity scores (plates depressed, quad- 
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rants traversed) were found to be extremely variable 
for the individual, and from step to step. This varia^ 
bility seemed to be due in the main to differences in 
tameness, in pJayfulness^ in the formation of certain 
stereotyped errors of the position-habit type, in the oc¬ 
currence of specific reaction tendencies, in the ajnount 
of transfer effect from one step to another, and in 
genuine individual differences in ability to learn, 

4. Step I was clearly more difficult than either 
Steps ri or III, as shown by the median scores in trials, 
errors, and time. Steps II and III appeared to be 
about equally difficult in terms of the same criteria. 
However, the individual records did not show perfect 
consistency throughout. 

5. No very definite indication of sex differences was 
evident. Since one female failed to Jearn Step III 
and all of the males learned it, the males might be 
said to be superior. Furthcrmorcj the males were 
more active as shown by the spcecl-uf-activily scores 
(plates per minute, quadrants per minute). However, 
on the whole, the females made lower scores in trials 
and errors and in the quadrant-plate ratio. 

6. Group learning curves were computed by a 
modificatioJi of the Vincent method. I'liesc curves 
(error, time) were typical learning curves, except that 
each of the curves for Step I shows an initial rise 
which may be associated with the first establishment 
of the habit of reacting to plates. 

7. A progressive improvement in adjustment to the 
problem situation from step to step was jiidicntcd by 


















































IV 

THIi: ADVANCED PRODLEM 

The Advanced problem has already been deserihed 
in a previous section on procedure and, as indicated, 
was a continuation of pattern behavior beyond the 
basic problem. It involved twenty steps, beginning 
with Step IV and ending with Step XXIII. As pre¬ 
viously indicated, each subject was trained on a given 
step until he readied the required norm of mastery 
(nine perfect trials out of ten) and then was trans¬ 
ferred to the next step. T-Cach subject was advanced to 
successive steps until he reached his limit in ability to 
learn, i.e., failed to learn according to one of the 
criteria indicated in the section on procedure. The 
results presented will include learning and activity 
scores. 

Leahnino Scoues 

The individual learning scores made by the thirteen 
monkeys on the various steps of the advanced problem 
are presented in Tabic 19. The measures of central 
tendency and of variability are shown in Tabic 20. The 
number of animals included in the data decreases step 
by step, as the monkeys failed to learn. Only the 
scores for those monkeys which learned a given step 
are included in the data for that step. Due to the de¬ 
creasing number of subjects, the group data become 
less reliable as the problem becomes more complex. 

Here, as in the basic problem, the nicdian may be 
taken as a better measure of central tendency than the 

[4R0] 
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TABLE 19 

Results of Advanced Problem Showing Individual Learning 

Scores 


Animals 

Total 

Trials 

Failure 

Perfect 

Errors, 

total 

Minutes, 

total 



Step 

IV 



Malca 

A 

24-5 

19 

25 

1496 

159.48 

1] 

C 

D 

84 

Failed 

Failed 

2 

23 

326 

35.02 

E 

140 

18 

54 

831 

107.15 

F 

292 

5 

90 

2000 

159.93 

G 

57 

6 

6 

371 

41.78 

Females 

S 

T 

Failed 

Failed 





U 

1B76 

56 

79 

6027 

713.00 

V 

264 

27 

61 

IBBl 

218,28 

w 

1174 

4 

13B 

5045 

342.05 

X 

44 

0 

Step 

12 

V 

94 

14.55 

Mules 

A 

108 

0 

41 

175 

27,27 

E 

329 

0 

94 

390 

39.28 

E 

89 

4 

17 

437 

50,05 

F 

91 

0 

37 

223 

20,77 

G 

225 

4 

43 

779 

80,50 

Females 

U 

Failed 





V 

W 

23 5 
Failed 

1 

46 

1015 

111.62 

X 

24 

1 

Step 

6 

VI 

106 

13,23 

Males 

A 

165 

5 

22 

48 6 

62,50 

B 

64 

0 

4 

219 

16.27 

E 

52 

0 

13 

167 

24,18 

F 

215 

0 


405 

46.15 

G 

13 

0 

3 

10 

2.13 

Females 

V 

23 3 

1 

100 

365 

B6.7Z 

X 

257 

2 

Step 

76 

VII 

737 

111.88 

Males 

A 

230 

0 

B3 

291 

48.97 

E 

S3 

0 

14 

111 

11.12 

E 

327 

2 

83 

811 

163.82 

F 

c; 

78 

Failed 

0 

41 

109 

21.67 

Fcmnles 

V 

17 

0 

1 

35 

3.00 

X 

200 

1 

90 

las 

55,42 
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TAllLE 19 (canlinued) 


>\n!miih Trinb Errori, Miniiiei, 

Tolal railiire Pcrfeci loial loul 


Sni* Via 


Milica 


A 

10 

0 

2 

15 

1.35 

li 

2fii 

0 

99 

859 

S4.I8 

E 

212 

10 

27 

1110 

171.80 

F 

14 

0 

B 

17 

5.90 

FcmnlcH 

V 

hi; 

1 

22 

495 

51.0B 

X 

ISB 

1 

Step 

36 

IX 

313 

65.55 

MbIci 

A 

HO 

0 

78 

163 

22.90 

1) 

lOQ 

0 

1? 

142 

32.03 

E 

62G 

0 

31 

ZiH 

219,77 

F 

64 

0 

29 

111 

19.08 

Fcmalei 

V 

X 

161 

Failed 

0 

Step 

40 

X 

ISO 

39.05 

Mnlei 

A 

147 

0 

42 

309 

38.57 

U 

440 

0 

64 

1802 

172.17 

E 

r 

Fnned 

1 

42 

267 

41.97 

FerriDlei 

V 

110 

0 

Step 

12 

XI 

484 

61.62 

MdIci 

A 

64 

0 

21 

73 

10,12 

U 

ISi 

0 

25 

496 

56.92 

E 

R] 

0 

12 

256 

27.85 

Females 

V 

125 

1 

Step 

25 

XU 

412 

56.38 

Moles 

A 

163 

0 

44 

183 

33,87 

B 

30B 

] 

103 

1341 

154.55 

E 

35B 

0 

106 

1212 

148.12 

Femnlei 

V 

629 

0 74 

Step XIH 

1991 

250.42 

Mnlea 

A 

Tl A: E 

9 

Fnileil 

0 

3 

10 

1.57 

Pcmnlei 

V 

164 

0 

21 

404 

42.65 
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TABLE 19 (coiitfuueJ) 


Animals 

Total 

Trials 

Failure Perfect 

Errors, 

total 

Minutes, 

total 



Stbp XIV 



Males 

A 

215 

0 44 

2B7 

46,23 

Females 

V 

Failed 

Step XV 



Males 

A 

151 

0 54 

Step XVI 

203 

36.00 

A 

140 

0 50 

Step XVII . 

137 

29.73 

A 

37B 

0 

Step XVIII 

827 

111,10 

A 

59 

0 17 

Step XIX 

139 

18.67 

A 

57 

0 24 

Step XX 

87 

17.13 

A 

453 

7 104 

Stef XXI 

2174 

216.93 

A 

41 

0 13 

Step XXII 

E6 

12,10 

A 

A 

116 

Failed 

3 St 

Step XXIII 

270 

42.60 


average, On the whole, the medians are somewhat 
smaller than the averages, showing that the extreme 
scores tend to be at the upper end of the range. Due 
to the small number of cases and the wide spread of 
the scores, the range and the quartlle deviation are 
of greater significance than any of the other measures. 
The ranges and quartile deviations indicate great vari¬ 
ability in the performance of the group on all of the 
steps, 

The results obtained on Step IV arc in general some¬ 
what different from those obtained on the higher steps. 
For this reason the data on this step will be discussed 
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more or less separately. As shown by Tabic 20, the 
individual trial scores on Step IV ranged from 44 to 
1876, errors from 94 to 6027, and time from 14.55 to 
713,00 minutes. However, this spread would be great¬ 
ly reduced (trials 44 to 292, errors 94 to 2000, time 
14,55 to 218.28) by tlic elimination of two extreme 
cases, subjects U and W. In both of these cases learn¬ 
ing was retarded because of stereotyped errors of the 
position-habit type which were very diflicult to elim¬ 
inate, The former developed the habit of circling the 
inner cage before reacting to the plates. After e/Torts 
to break up this habit by means of delays had failed, it 
wag decided to advance the animal to Step V as soon 
as ahe made nine trials out of ten in which only this one 
error occurred. It was hoped that the error would 
drop out when the monkey was introduced to a new 
step which involved a slightly difTercnt pattern. Sub¬ 
ject W was handicapped on Step IV, as U) the preced¬ 
ing steps, by the habit of darting out of the entrance 
compartment and passing plate 1 without touching it. 
This was caused apparently by being conditioned 
against the entrance door, as mentioned in the proto¬ 
cols. Both of the subjects made failure trials consis¬ 
tently almost from the beginning when transferred to 
Step V. 

The results definitely indicate that Step IV was par¬ 
ticularly diflicult. This is shown by the fact that four 
of die thirteen monkeys trained on the step failed com¬ 
pletely, and by the very large number of trials, ciTors, 
and minutes recpiirccl to learn it, The medinn .scores 
for trials, errors, and time were larger on this step than 
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Oil any other except for the trials score on Step XII. 
It might be argued that the median scores favored the 
higher steps because the slow learners were eliminated 
before they reached these stages. However, if only 
scores of the four subjects A, B, E, and V (all of which 
learned twelve steps) are included, the median scores 
are greater for these subjects on this step than on any 
other except Step XII. Step IV thus appeared to 
represent a critical stage in the mastery of the advanced 
problem. 

As has already been indicated in the section on pro¬ 
cedure, the first reversal of direction was introduced on 
Step IV. This obviously accounts for the extreme 
difficulty of the step. Three of the four monkeys 
which failed Step IV failed completely to learn the 
reversal part of the pattern. They repeatedly circled 
about the cage in a counterclockwise direction, depres¬ 
sing all of the plates again and again until, after many 
siicc€S€iv€ they became inactive. However^ 

the reversal act once learned did not appear to give 
particular difficulty at any other point. In no case 
was failure on another step due to failure to learn the 
reversal part of the pattern. 

Individual learning curves (error, time) were cal¬ 
culated by the Vincent method. As a rule, on Step 
IV they were typical for sensory-motor problems, i.e., 
they started at the peak and descended more^or less 
consistently to the end, indicating that the time and 
errors decreased fairly consistently throughout the 
learning period. Table 21 shows that 77.8 per cent 
of the error curves and 66.7 per cent of the time curves 
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were of this type. In only 22.2 per cent of the error 
curves and 33.3 per cent of the time curves did the 
peaks occur later than the point representing the first 
tenth of the curve. 

The learning curves (time, error) for all of the later 
steps were generally similar to each other. They dif¬ 
fered markedly from those for Step IV in one im¬ 
portant detail: the peaks came at some other point than 
at the beginning. As a rule, on these higher steps the 
monkeys started off fairly well when advanced to a new 
step and, therefore, the initial time and error scores 
were low. Somewhat later they began making a great 
many errors. The peaks of the curves (error, time) 
in such cases occurred at various later points, as shown 
in the last two arrays in Table 21. The data for this 
table were obtained by tabulating the position (tenth) 
at which the peak of each individual curve occurred. 
These we/e eombjned for aJJ of the steps and aj'e shown 
in the table in terms of percentages. Thus 24.4 per 
cent of the individual error curves for steps from V to 
XXII started at the peak. The remainder of the in¬ 
dividual error curves started relatively low, 11.4 per 
cent of them reaching their peaks at the second tenth, 
6.8 per cent at the third tenth. An even larger propor¬ 
tion of the curves reached their peaks on the fourth and 
fifth segments of the curves. In some cases the peaks 
of the curves came on the last tenth. In general, the 
peaks of the time curves occurred at points correspond¬ 
ing to those on the error curves. The data yield no 
definite explanation for this atypical feature of the 
curves. It was observed that in many instances the 
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monkeys became confused after having done very well 
on a given step, which led to a rise in tlic error and time 
scores. This type of response was neither peculiar to 
a given individual nor to a particular step. 

As has already been indicated, differences in indi¬ 
vidual performance were very marked throughout all 
of the steps of the advanced problem. In general, the 
same factors which were discussed in connection with 
group variability on the basic problem should also be 
considered here. These factors were there divided 
into two classes, those which relate to the conditions 
and set-up of the experiment and those which relate to 
the individual characteristics of the subjects them¬ 
selves. The former include a shift in the time limit 
for trials, the element of cliancc in regard to the first 
success, and the use of a high norm of mastery. The 
first of these factors would not apply here since the time 
limit for trials remained constant (three minutes) 
throughout the advanced problem, The clement of 
chance seems to be relatively unimportant in the ad¬ 
vanced problem since the subjects had already learned 
to react to plates by the time they were introduced to 
these steps. With regard to the high norm used, the 
analysis made on the basic steps would indicate that 
this factor had no definite influence upon group varia¬ 
bility. Such analysis beyond the basic problem was 
scarcely feasible, since only the high norm had actually 
been used throughout and the computation of the 
lower norms would, therefore, become less meaningful 
as the steps progressed. 

The second class of factors, which relate to charac- 
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teristics of the subjects, are; differences in tameness, in 
playfulness, in age, in the formation of certain stereo¬ 
typed errors of the position-habit type, in the occur¬ 
rence of specific reaction tendencies, in the amount 
of transfer effect from step to step, and in genuine 
individual differences in ability to learn. With regard 
to tameness, while there did seem to be fundamental 
differences, the actual variation in tameness was some¬ 
what reduced by the time the advanced problem was 
begun. At this stage in the experiment practically all 
of the subjects had made very satisfactory adjustments 
to the entire experimental situation. It would seem, 
therefore, that differences in tameness were relatively 
unimportant in relation to the results on the advanced 
steps. Differences in degree of playfulness also be¬ 
came relatively less pronounced on the advanced steps. 
For example, subject A, which was the most frolicsome 
of all of the subjects during training on the basic prob- 
a v^ry worker on the aAvanceA 

problem. Subject B also became less playful as the 
experiment progressed. On the other hand, subject V 
developed a slightly greater tendency to playfulness as 
the steps became more complex. None of the other 
subjects trained on the advanced problem displayed 
any great tendency to play in the apparatus. 

Age differences would seem to be of less significance 
for the advanced problem than for the basic problem, 
since the subjects were approaching each other in ma¬ 
turity so far as growth and intelligence are concerned. 
Moreover, there seems to be no evidence that the older 
subjects were superior to the younger subjects. For 
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example, the three oldest (largest) subjects failed vStep 
IV completely, while one of the youngest subjects 
made the best record on this step. On Step V both 
the poorest record and the best record were made by 
young monkeys. On Step VI the best record was made 
by the monkey which ranked midway in the group as to 
age. TJie poorest record on this step was made by one 
of the youngest monkeys. 

The development of stereotyped errors of the posi¬ 
tion-habit type scarcely ever occurred on the advanced 
problem except in the two cases already mentioned in 
connection with Step IV. These errors did contribute 
to variability on this step but this factor was not sig¬ 
nificant on the later steps. 

Specific reaction tendencies characteristic of the in¬ 
dividual animal probably played an important part in 
determining the scores. This would seem to be indi¬ 
cated by the fact that the relative clifliculty of the sev¬ 
eral steps shifted about for the various animals. An 
exception can be made in the case of Step which 
ranked very high in difficulty for nearly all of tlic ani¬ 
mals, It might be supposed that steps which ended on 
plate 2 at the back of the box would be especially difii- 
cult, since they involved passing cither plate 1 or plate 
3 without touching it. It might also be thought that 
as the problem increased in complexity the error and 
time scores would be higher. As n matter of fact, how¬ 
ever, there seems to be no consistent trend of any sort 
running through the scries. Tor example, a given ani¬ 
mal might make a low score on one step, a higlt score 
on the next, and a low on the next, etc. 
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It seems likely that the inconsistency from animal to 
animal and from step to step was related more or less 
directly to reaction tendencies characteristic of the 
individual monkeys. The data seem to supply no defi¬ 
nite evidence as to what these tendencies were. Whether 
they were due to hereditary differences or whether they 
arose from the peculiar situations in the apparatus 
cannot be determined. 

It is not unlikely that differences in transfer effects 
may have been of considerable importance. This fac¬ 
tor is associated with the Jack of consistency in the 
scores of the same animal from step to step. Some¬ 
times a high score on one step was followed by a low 
score on the next and this in turn by a high score on 
the next. In other cases low scores on two steps might 
be followed by a high score on the next. High scores 
in such cases as here cited were often associated with 
the final stage in reaching the high norm of mastery. 
This would seem to involve a degree of oyerlearning 
beyond the average on all points of the pattern up to 
that point. It would seem that the effect of this over' 
learning might well transfer to the next step, resulting 
in a low score for that step. On the other hand, a low- 
score should be unfavorable in terms of transfer so far 
as the next step was concerned. The extent to which 
such transfer effects may have operated to determine 
differences in scores from step to step cannot be deter¬ 
mined from the data. Even if the explanation be 
accepted, it cannot be applied to all scores, since no 
consistent alternation of high and low scores occurred 
throughout. 
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Byway of summarizing the various points in regard 
to group variability, it would seem that none of the 
factors relating to the set-up of the experiment were of 
much significance in determining differences in indi¬ 
vidual scores. Moreover, such factors as differences 
in tameness, playfulness, and age were relatively un¬ 
important. The formation of certain stereotyped 
errors could have been of significance only on Step IV, 
since they scarcely occurred at all on any other step. 
Differences in specific reaction tendencies and in the 
amount of transfer from step to step may have been 
somewhat influential in determining differences in the 
individual scores. Plowevcr, it seems that to a large 
extent these differences were due to genuine individual 
differences in ability to learn. 

As stated in a preceding section, the chief aim of the 
study was to determine the limits of learning for the 
experimental group, Each animal was advanced step 
by step until it finally failed completely to learn a given 
step according to one of the criteria discussed in the 
section on procedure. The final step learned by a 
given monkey was taken as the limit of ability for that 
individual, since the animal failed on the next step. 
There were in general three different types of failures: 
those in which the monkeys failed almost at once upon 
being introduced to the new step, i.e., those in which 
they consistently made failure trials and soon became 
inactive, as in the cases of subjects C, D, S, TJ, and 
W; those in which they made considerable progress 
in learning and then failed, due to a more or less 
gradual disintegration of the habit to the point where 
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they consistently made failure trials, as in the cases 
of A, F, and V; and those in which they made progress 
in learning and were nearly always successful in ob¬ 
taining the reward but never succeeded in eliminating 
certain errors. 

The data for limits of learning are presented in 
Table 22. This table indicates the number of animals 


TABLE 22 

Showing the Number op Monkeys Which Reached the 
Limits of Learning on the Various Steps 


Steps 

Males Females 

Combined 

II 

Basic PsobLBm 

1 

1 

III 

2 2 

4 

IV 

Advanced FAoni,BM 

2 

2 

VI 

I 

1 

VIII 

1 

1 

IX 

1 

1 

XII 

2 

2 

XIII 

1 

1 

XXII 

1 

1 

Totals 

7 7 

14 


which reached the limits on the various steps, As will 
be seen, the total group ranged in limits from 2 to 22 
steps. The median number of steps learned was 5 
and the average was 7.4, A comparison of males and 
females distinctly favors the males, which have a 
median score of 9 steps, or more than twice that of 
the females. The males also show a much wider 
range than do the females. The range is greatly in¬ 
creased by subject A, which learned 9 steps more than 
any other monkey and 10 steps more than any other 
male. A comparison in terms of overlapping shows 
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that only 14.29 per cent of the females reached or 
exceeded the median of the males. 

In conncctioii with limits of learning, the question 
again arises as to tlie causes underlying differences in 
performance. Factors which may have affected dif¬ 
ferences in the facility with which the various steps 
were learned have already been discussed. wSome of 
these factors may have affected lu some extent the 
limits of learning in certain eases. However, each 
subject was given ample lime to learn tlic several 
steps, and motivation Avas kept at a relatively high 
level in all eases. It seems, therefore, timt In the main 
the differences in number of steps learned represent 
genuine individual differences in ability to learn. 

The results do not show any dclinite relationship 
between number of steps learned and the speed at 
which they were learned iit terms of total number of 
trials. A negative correlation (-~.27:i^.iH) was found 
between number of trials required to learn the basic 
problem and limits of learning. Such a correlation, 
especially when based upon very few eases, is of little 
signilicancc except perhaps to indicate that there is 
probably little if any relationship between learning 
the basic problem quickly and a high level of ability. 
In the advanced problem, a correlation was computed 
for the six subjects which continued through Step 
VIII. Tlie six subjects were ranked in order of merit 
from one to six on each of the five steps (LV to VIII 
inclusive). The average rank of each was obtained 
and a correlation computed between these average 
rankings and the rankings for these subjects m the 
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basis of limits of learning. Again no significant cor¬ 
relation (—.10=t;.03) was obtained. Such evidence 
seems to suggest that two different types of functions 
were measured by scores in number of trials and by 
scores in number of steps. These would seem to be 
somewhat analogous to speed and power as measured 
by various tests in human work. The number of trials 
required to learn the several steps roughly represents 
speed of learning at a given level, while the number 
of steps learned represent the final level of ability. 
This is corroborated to some extent by the work of 
Ricss on rats and guinea pigs (2S). He found that 
guinea pigs were unable to master Step II, while rats 
succeeded in doing so. However, the guinea pigs 
learned Step I with fewer trials than did the rats. 
Moreover, it is in harmony with the general accepted 
principle that complex tasks are more effective than 
simple tasks in bringing out individual differences in 
learning capacity. 

It might be expected that, after a number of steps 
had been mastered, the subjects would develop a gen¬ 
eralized habit of adding another plate to the pattern. 
This would be indicated by low scores on all succeed¬ 
ing steps. As a matter of fact, none of the animals 
in the advanced problem passed directly from one step 
to another without making errors. In the basic prob¬ 
lem two such instances did occur in passing from Step 
II to Step III. In the advanced problem there were 
four cases in which the task of adding a plate was 
learned in 10 trials or less, and four other cases in 
which it was learned in 20 trials or less. Since the 
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total number of steps learned by all animals in the 
advanced problem was 63, it will be seen how infre¬ 
quently “sudden" learning occurred, It seems likely 
that all of these cases can be accounted for in terms 
of transfer of training. They certainly do not repre¬ 
sent “insight" on the rational level since the animals 
in every case made very high scores on later steps. 
The latter should not have happened if the animals 
had developed a generalized solution to the problem. 

It should be pointed out in this connection that there 
was actually little opportunity for the subjects to de¬ 
velop a generalized solution to the various steps. In 
the first place, the only signal which might have in¬ 
dicated to the monkey that it was being introduced to 
a new step was the failure of the door lo open when 
the animal came to the end of the series. However, 
this could scarcely have been used as a signal, since 
for every instance in which it indicated the beginning 
of a new step there were probably fifty or more in¬ 
stances in which it indicated merely that the subject 
had made an error. The particular situation with 
reference to the latter case has been fully described 
in the preceding section in connection with corrected 
trials. 

Aotvity Scoues 

The activity data on the advanced problem can con¬ 
veniently be divided into four groups: (1) scores 
obtained directly from the original data; (2) scores 
which were computed from original time and activity 
scores; (3) an analysis of errors into varimis classes; 
and (4) an analysis of patterned behavior. The first 
three groups correspond directly to the three groups 
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discussed in connection with the basic problem. The 
fourth group applies only to the advanced problem 
and will be described in some detail below. These 
four groups will be taken up in order. Finally there 
will be a brief discussion of the relationship between 
the activity scores and final failure of the monkeys on 
Che various steps. 

The first group of activity data (number of plates 
depressed^ number of quadrants traversed) for the in¬ 
dividual animals is shown in the second and third 
columns of Table 23. The corresponding group 

TABLE 23 


Results op Advanced Pboolem Showing Individual 
Activity Scores 


Anirnals 

Plates 

cleprcised 

Quadrants 

traversed 

Quadrants 
per plate 

PJatss 
per minute 

Quadrants 
per minute 



Step 

IV 



Males 

A 

2SS7 

4006 

1.55 

16.22 

25.12 

u 

860 

tI5B 

1.35 

24.56 

33,07 

C 

D 

E 

Fnilcd 

Failed 

1457 

1630 

1.09 

13.97 

15,21 

F 

4236 

5029 

1.19 

26.49 

31.45 

G 

666 

79S 

1.19 

IS,9+ 

19.03 

Femnlea 

S 

T 

17 

Foiled 

Foiled 

14431 

23197 

1.61 

20.24 

32.53 

V 

Z9BI 

37IJ 

1.25 

13,66 

17,02 

W 

9946 

16652 

1.67 

Z9.0B 

49.68 

X 

349 

408 

1.17 

23.99 

29.04 



STEP 

V 




A 

83t 

1015 

1.22 

30.47 

37.22 

11 

3603 

4347 

1.21 

40.3 6 

43.69 

lOtR 

lUii 

1.(2 

20.34 

22,70 

F 

793 

921 

1.16 

38,1-8 

44.34 

G 

269S 

3083 

1.15 

33.48 

38.36 

Femnles 

U 

V 

l''.iilcd 

3346 

3766 

i.n 

29,98 

13.74 

w 

X 

Fnilcd 

213 

235 

1,10 

16,10 

17,76 
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TAHLE 23 {coHlinucfi) 


Animalfl 

rJatei 

deprciisefl 

Quntlratiig 

iraveraed 

QdnilraniN 
per plaic 

iMaiei 
per inlnuie 

Quftdranij 

per minuie 



SrBi' 

VI 



Mnlcg 

A 

1783 

2101 

1.35 

28.53 

3B.42 

IJ 

603 

8(12 

1.33 

37.00 

49.29 

E 

69+ 

752 

l.OB 

28.70 

31.10 

F 

2035 

2209 

1.09 

44.10 

47.87 

G 

90 

96 

1.07 

42.25 

45,07 

Fenistcfl 

V 

3177 

3SLU 

I.IQ 

36.6+ 

40.48 

X 

263+ 

2739 

Step 

1.0+ 

Vll 

21.54 

24,48 

Malei 

A 

22-16 

2618 

1.17 

45.Sfi 

33.46 

D 

50K 

631 

1.2+ 

45.68 

56.7+ 

E 

3938 

+2B+ 

1.09 

24.04 

26,15 

F 

G 

9DS 

Failed 

968 

1.07 

41.7G 

44.67 

Females 

V 

J-17 

150 

1.02 

49.00 

50.00 

X 

177+ 

1923 

Step 

l.OB 

VIII 

32.01 

34.70 

MnlcR 

A 

BR 

86 

.98 

65.19 

63.70 

B 

3627 

+50+ 

1.2+ 

43.09 

53,50 

E 

3913 

4335 

1.11 

22.78 

25,23 

F 

Hi 

557 



2.441 

Femnka 

V 

1776 

1899 

1.07 

34.77 

37.18 

X 

1705 

18+3 

Stbp 

l.OS 

IX 

25.98 

28.12 

Males 

A 

1-155 

1595 

1.10 

63.5+ 

69.65 

B 

ISQ5 

1716 

l.H 

46.99 

53.57 

E 

8619 

9727 

1.13 

39.22 

44.26 

F 

90(1 

956 

l.OS 

47.59 

50.10 

PemolcB 

V 

X 

1912 

Failed 

2015 1.05 

Sthi* X 

48.96 

51.60 

Molee 

A 

226? 

2+11 

1.06 

5B.jl3 

62,51 

D 

7169 

B772 

1.22 

41.6 + 

50.95 

E 

F 

UZl 

Failed 

1632 

1.07 

1G.2+ 

ii.n 

Femolei 

V 

JB67 

2095 

l.[2 

30.30 

34.00 


LIMITS OF LEARNING ABILITY IN MONKEYS 


501 


TABLE 23 ^cofitinued) 


Animala 

Places 

depressed 

Quadrano 

traversed 

Quadrants Plates 
per plate per minute ' 

Quadrants 
per minute 



STEf 

XI 



Males 






A 

773 

78J 

1.02 

76.38 

77.57 

1} 

2039 

2590 

1.27 

3S.B2 

45.50 

E 

1202 

1265 

1.05 

43.16 

45.42 

Females 






V 

20J2 

2241 

1.09 

36.40 

39.75 



Step 

XII 



Males 






A 

2352 

246B 

1.05 

69.44 

72,87 

B 

53B4 

6664 

1.24 

34. B4 

43.12 

£ 

6173 

6512 

1.05 

41.6B 

43.96 

Females 






y 

10485 

11351 

1.08 

41.87 

45,33 



Stbp 

XJJi 



Moles 






A 

136 

146 

1.07 

86.62 

92,99 

B 4c E 

Failed 





Females 






V 

2Jfl7 

2703 

1.04 

£0.66 

£3.38 



STEP 

XIV 



Males 






A 

3480 

3745 

1.08 

75.2B 

Bl.Ol 

Females 






V 

Failed 







Step 

XV 



Males 






A 

2400 

2451 

1.02 

fifi.67 

££.08 



Step 

XVI 



A 

2272 

2289 

1.01 

76,42 

76,99 



Step XVII 



A 

7854 

SlSl 

1.04 

73.99 

76.79 



STEP XVIII 



A 

1342 

1370 

1.02 

71.88 

73,38 



Step 

XIX 



A 

1175 

1JP2 

l.OI 

68.59 

69.59 



Step 

XX 



A 

13309 

14256 

1.07 

61.35 

65,72 



Step 

XXI 



A 

896 

912 

1.02 

74.05 

75.37 



Step 

XXII 



A 

3007 

3066 

1.02 

70.59 

71.97 



step XXIII 



A 

Failed 
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been discussed in connection -with the basic problem. 
The quadrant-plate relationship gives a fairly accurate 
measure of the proportion of activity which was 
directed toward the plates. It will be remembered 
that a perfect score on any step was 1.00. The num¬ 
ber of plates per minute and the number of quadrants 
per minute are speed-of-acdvity scores and, to a large 
degree, on the advanced problem, represent the rate 
of running in the apparatus.. All of these computed 
scores indicate, in some measure, the degree of adjust¬ 
ment to the problem situation. 

The individual scores for this second group are 
presented in the fourth, fifth, and sixth columns of 
Table 23. The corresponding measures of central 
tendency and of variability for the group are shown 
in Table 26. The group scores indicate that beginning 
with Step IV the measures of central tendency show 
a general trend toward improvement in the quadrant- 
plate ratio through Step VIII, and in the speed-of- 
activity scores through Step IX. Since it seemed 
quite likely that such improvement was greatly affected 
by the dropping-out of the poorer monkeys, averages 
were calculated from Steps IV to XII, inclusive, for 
the four monkeys which learned the twelve steps. 
These averages indicate that for the four monkeys im¬ 
provement did occur from step to step, except for a 
slight exception on Step VI through Step VIII in 
the quadrant-plate ratio and a definite increase in 
speed of activity through Step IX, The difference in 
speed of activity may, to some extent, be due to the 
possibility of acquiring more momentum on the slight- 



TABLE 26 

Showin-g Measures of Central Tendency and Variability for Number of Quadrants per Plate^ 
Number of Plates Depressed per Minute, and Number of Quadrants Traversed per Minute 
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Table 23 for Individual records. 
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ly longer atcps. However, the gradual spccding-up, 
together with the improvement in the quadraat-per- 
plate scores, seems to indicate tliat the monkeys were 
still making some slight improvements in their adjust¬ 
ment to the problem on these earlier steps. A com¬ 
parison of Table 24 with Table 26 sliows that, while 
the group varies greatly from individual to individual 
with regard to the number of plates depressed and the 
number of quadrants traversed on tlic several steps, 
such variations were much smaller for the spccd-of- 
activity scores and relatively slight for the quadrant- 
plate ratio. This together with the fact that marked 
differences from individual to individual were found 
in the learning scores shows that, while the monkeys 
dllTcred enormously among themselves with regard to 
rate of learning the advanced steps, they differed rela¬ 
tively little in their adjustment to the problem situa¬ 
tion. Furthermore, while the learning scores and 
original activity scores varied greatly from step to 
step for the given individuals, sucli differences were 
found to be relatively small with regard to quadrants- 
per-platc and speed-of-activity scores. To some extent 
the two latter tend to be systematic differences showing 
gradual improvement from step to step. If, as was 
suggested in the preceding section, lack of uniformity 
in the scores for a given individual from step to step 
was due in part to differences in transfer effects, tlic 
data seem to indicate that transfer was more uniform 
with regard to the general method of attacking the 
problem than with regard to other factors in the learn- 
ing process. 
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Individual curves for the quadrant-plate ratio and 
speed of activity were computed by the Vincent 
method on each of the various steps. It was found 
that, with these as with the learning and the general 
activity curves, the point representing the poorest per¬ 
formance tended to appear at some tenth other than 
the first. The percentage distribution of these points 
is presented in Table 27. It will be noticed that the 
first two arrays represent peaks while the last four rep¬ 
resent low points. Obviously the poor performances 
with regard to number of quadrants per plate give 
high scores, while the poor performances in speed of 
activity (plates per minute, quadrants per minute) 
give low scores. A comparison of this table with 
Tables 21 and ZS shows that here the curves on Step 
IV tend to display the same characteristic to a much 
greater degree than did the learning curves or the 
general activity curves. 

The third group of data (analysis of errors) in¬ 
volved eighteen classes of errors. The various types 
of errors on the advanced problem were, in general, 
similar to those on the basic problem, a description of 
which will be found on pages 467-468. In addition to 
these there were errors of hesitation on the several 
plates (plates 1, 2, and 3). Such errors were rela¬ 
tively unimportant on the basic problem and when 
they did occur were classed as miscellaneous errors. 
However, as the series lengthened, these errors became 
more and more significant. On steps where it was 
necessary to touch off a given plate more than once to 
complete the series, it frequently happened that a 
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subjeci: would hesilalE and look at the door each time 
it touched the plate which finally ended the series. 
For example, on Step IX, which ended with plate 1, 
it was necessary to react to plate 1 three'times during 
the series. There was seldom any hesitation the first 
time it was touched, but a very frequent and significant 
error consisted in hesitation on plate 1 the second time 
it was touched in the series, Another important type 
of hesitation error often occurred for si time after the 
monkey was transferred to a new step. This was the 
tendency to hesitate on the final plate for the preceding 
step. More attention will be given to this hesitation 
behavior in connection with the development of the 
patterns. 

The percentage distribution of the various types of 
errors on the several steps is shown in Table 28. The 
data for this table were compiled in exactly the same 
way riiaf" for Table 16 on the baste problem. Firsts 
the number of errors falling in the various classes was 
found for the individual monkeys on each step. These 
scores were then converted into percentages of the total 
errors made on the step by the respective subjects. 
The individual percentage scores were then combined 
and averaged to obtain the group scores for each step 
as presented in the table. It will be noticed that the 
number of subjects gradually diminishes until, on the 
last nine steps, only one animal is represented. 

The table indicates that throughout the entire ad¬ 
vanced problem the emphasis tends to be on two 
general types of errors, reacting to the wrong plates 
and hesitating on plates. The highest percentage fre- 
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quency for each step falls under one of these main 
classes, with tlic exceptions of Step XllI, where it 
occurs on omission of plain /, and Step XVI, where 
it occurs on ntnnint/ beyond. The wrong plate reac¬ 
tions tend to predominate on the earlier steps (Steps 
IV to VII inclusive), while the hesitating type of 
errors tend to predominate on Step VIII and there¬ 
after, 

A study was made of the individual scores to 
determine whether the average scores were really rep¬ 
resentative of the group. It was found that, with the 
exception of Step VII, the type of error taking first 
rank for the group on each step ranked very high in 
frequency for practically all of the subjects. On this 
step the monkeys differed markedly among themselves 
as to the predominating type tif error. It appears, 
therefore, that in large part the most frequent types 
of errors made on the advanced problem were detcr- 
mified by the tusk itself. 

The fourth division of the data (development of 
patterns) seemed to be of greater significance than the 
types of errors. A record was obtained, from the 
original data, of the pattern of behavior on each trial 
from the time the subject entered the reaction com¬ 
partment until he completely broke of! the pattern by 
running to the front of die cage or by turning back 
on a wrong plate. In other words, for this purpose, 
only records of what the subject did at the beginning 
of tbe trial were included. Various corrections 
made later were not used in the study of pat¬ 
terns because the pattern frequently became cx- 
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tremcly complicated when the complete trial was 
taken into account. For example, on a given trial on 
Step V where the correct response is plates I, 2, 3 
reverse to 2, 1, the animal might run through the 
series 1, 2, 3 reverse to 2 and go directly to the inner 
door. This would constitute a breaking-off of the pat¬ 
tern before the completion of the series and, although 
the animal was required to correct his error before ob- 
taming the food^ for the purpose of pattern analysis 
no attention was given to the performance after the 
breaking-off of the pattern. In many cases the total 
pattern was completed before being broken off, 
although hesitations, or omissions of plates, or both, 
may have occurred along the vr^iy. In such cases the 
total pattern was used but not the corrected part. For 
instance, if the monkey working on Step V ran through 
the series 1, 2, 3 reverse to 1, he would have com¬ 
pleted the total pattern and this much of the record 
would be used in the analysis. Flowever, the subject 
omitted the fourth plate in the scries (plate Z) and, 
of course, was required to correct that error before 
he could obtain the food. 

An analysis of the data indicated that the develop¬ 
ment of the pattern on each step was characterized 
by certain fairly definite stages. It was not possible 
to combine the data for the several subjects on a given 
step since these stages tended to emerge at different 
points ill the learning period for the various animals. 
For this reasoiij the data can best be presented by giv¬ 
ing illustiivEions of specihe cases. Step IV will be 
discussed separately since it involved the introduction 
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of a new element into the pattern (rcvxrsal of direc¬ 
tion). 

The reversal pattern used in Step IV was found to 
be relatively diflkult. Of (lie nine subjects which 
learned tliis siepj only one learned the reversal part 
of the pattern immediaLcIy. The usual behavior dur¬ 
ing the first few trials consisted of coiilinuing around 
the cage in a counterclockwise direction, stepping on 
the plates in order, that is, 1, 2, 3, 1, 2, 3, etc. This 
stage represented the carrying-over of the pattern from 
vStep III without the addition of the reversal. The 
second stage was characterized, as a rule, by the com¬ 
pletion of the total pattern including the reversal of 
direction to plate 2, but omitting plate 1 at the begin¬ 
ning of the series (plates 2, 3 reverse to 2). It will 
be noticed that at this stage the monkeys were going 
directly to the plate which finished the series. In 
the eases of four subjects, an antagonistic pattern of 
starting in a clockwise direction (the direction in 
which the series ended) developed at some lime during 
the learning process. AH of these patterns seem to 
be natural methods of attacking the problem. Tlie 
first is merely a continuation of the preceding step, the 
second is reacting first to the plate which “seemed" 
to be the effective one in preceding trials on the step, 
and the third is "trying out" n sliori cut by reacting 
to the final plate from the direction which proved suc¬ 
cessful in previous trials. The final stage in pattern 
development on this step was charactcri'/ed by the 
perfection of the total |)ailcrn. I'lie monkeys varied 
considerably as to the relative proportion of the learn¬ 
ing period given to each of tlicsc stages. 
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The remaining steps (V to XXII inclusive) can 
best be discussed together with the use of typical ex¬ 
amples. In general, the development of patterns on 
these steps tended to show three stages. The first 
stage was characterized by a complete breaking-off 
of the pattern on the next to the last plate of the series 
(the plate on which the preceding step ended), or a 
hesitation on that plate. On the simpler steps (V 
and VI) this stage usually took the form of a com¬ 
plete breaking-off of the pattern at this point. On 
the later steps it more often took, the form of hesitating 
on the plate and then running to the final plate, thus 
completing the series. This first stage usually lasted 
for only a few trials. However, in two cases it con¬ 
tinued practically throughout the entire learning 
period. The behavior of monkey V, when first trans¬ 
ferred to Step V, is a typical example of the first 
stage in pattern development. The correct response 
an this step was plates 2, 2 reverse to 2, 1. In 
nine out of the first ten trials on the step, monkey V 
reacted to the series 1, 2, 3 reverse to 2 and then broke 
off the pattern at this point by running directly to the 
inner door. This same monkey when introduced to 
Step X displayed the hesitating type of behavior in¬ 
stead of completely breaking off the pattern at the 
next to the last plate. In the first nine trials she ran 
through the series 1, 2, 3 reverse to 2, 1 reverse to 2, 
1, hesitated and then reversed to 2, thus completing 
the series. 

The typical second stage was characterized by a 
breaking-down of the pattern into smaller units. In 
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some cases, liowevcr, the pattern was completely 
broken off at these points, anil in others there was 
merely a hesitation on tlie plate and then a continuing 
of the pattern. These smaller units or partial pat¬ 
terns were determined primarily hy the larger pattern, 
but to some e.Ment they differed (rum individual to 
individual on a given step. For example, on Step 
VI in which the correct pattern was 1, 2, 3 reverse to 
2, 1 reverse to 2, the partial pattern most freiiucntly 
developed consisted in merely depressing the first two 
plates. At this point the subject broke up the pat¬ 
tern by turning back to the door or to plate I. How¬ 
ever, two o( the mookeys deveUniied the pa.rtiel pattectv 
1, 2, 3 reverse to 2 and then broke off without com¬ 
pleting the series. As the length of the series in- 
creased, there was a definite tendency for the partial 
patterns to be units which ended on the final plate of 
the series. P'or example, on Step VII, where the 
scries ended with plate 3, the pattern was frefjucntly 
broken by a hesitation on plate 3 the first time it was 
reacted to. Thus the total pattern was broken up 
into the units I, 2, 3 and Z, 1, 2, 3. On ibc higher 
steps it was noticed that frequently the total pattern 
was broken up into a series of partial patterns. For 
instance, on Step XVII, subject A nearly always com¬ 
pleted the entire series but soon developed the habit 
of hesitation on the tldrteeiUh plate of the series. In 
addition he frequently hesitated on the (iftli and ninth 
plates. In other words, there was a slight tendency to 
hesitate on plate I each time it was depressed. 

TJie third stage was rcpresenied by the more or less 
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gradual organization of these smaller units into a single 
larger unit which led to the perfection of the total 
pattern. Although it is possible to speak of these three 
stages, there was not always a clear-cut dividing line 
between them. The lirst stage was frequently quite 
clear cut, the second stage (development of smaller 
units) scarcely appearing at all until the first had dis¬ 
appeared. Often a number of perfect trials intervened 
before the breakdown into smaller units. There was 
much overlapping of the second and third stages. The 
first stage failed to appear in only 2 cases out of 54, and 
the second stage in only 5 cases. The latter were all 
cases in which the step was learned in less than 25 
trials. In one instance in which the step was learned 
in as few as 10 trials the second stage did appear. Ob¬ 
viously the third stage always developed on steps which 
were learned. 

One very interesting phenomenon which was close¬ 
ly related to the breaking-up of the pattern into a 
series of smaller units was that of rhythm or grouping 
of the plates. This was observed to some extent in 
subject V on Step XIII, but was much more striking 
on the higher steps with subject A, Both of these 
monkeys ran very rapidly and on perfect trials there 
seemed to be a definite grouping of the plates into series 
of fours. There was no break in the pattern in the 
sense of there being a hesitation at certain points but 
merely a rhythm in the rate of running. 

The question arises as to what relationship, if any, 
might be found to exist between the activity scores and 
final failure of tJie monkeys on die various steps. The 
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scores which would seem to be of particular interest 
here arc the quadrant-plate ratio, the specd-of-activity 
scores, types of errors, and the development of the pat¬ 
terns. 

A study of the computed activity scores (quadrants 
per plate, plates per minute, and iiuadranls per min¬ 
ute) revealed the fact that the scores for the failing 
monkeys usually lie within the range for the group 
which learned the step. However, in practically every 
case the failure scores are poorer than cither the median 
or the average scores for the group wliich learned. 
Furthermore, with few exceptions, they are poorer than 
the corresponding scores for the same subject on the 
final step learned. The differences are small but may 
be of significance since they display a fairly uniform 
trend throughout. 

A comparison of the predominating types of errors 
made by each individual during training on the step 
of final failure with the predominating types of errors 
made by the group which learned the step showed no 
striking differences for the most part. 

The relationship between the development of the 
patterns and final failures seems to be of somewhat 
greater significance. Six monkeys failed before reach¬ 
ing Step VI. Five of these were cases in which no 
progress was made in learning the steps (three on Step 
IV and two on Step V). None of the five monkeys got 
beyond the first stage in pattern development, 'flic 
pattern was consistently broken off with tlie ne.xt to 
the last plate of the scries. In the failures occurring 
on Step IV, the reversal part of the paliern was not 
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learned, but the animals merely continued repeating 
the pattern which had been successful in the preceding 
step. The sixth monkey mentioned above was subject 
T, which failed on Step IV. It will be recalled that 
the second stage in the development of the pattern on 
Step IV was, as a rule, characterized by a tendency to 
omit plate 1 and react to the series in the order 2, 3, 2. 
Subject T never advanced beyond this stage. She 
learned the reversal part of the pattern fairly quickly 
but did not progress beyond the stage of omitting plate 
1 although she was given 2000 trials. 

Failures on all of the higher steps can be grouped 
into two classes: those in which the subjects made prog- 
ress in learning and were nearly always successful in 
obtaining the food, but never succeeded in reaching 
the required norm of mastery, as in the cases of B, E, 
G, and X; and those in which they made progress in 
learning and then failed, due to a more or less gradual 
disi/ifcgration of the habit to the point where they con¬ 
sistently made failure trials, as in the cases of A, P, 
and V. 

The group of monkeys coming under the first class 
of failures, without exception, did not progress beyond 
the second stage in pattern development. The be¬ 
havior of this group was characterized by a series of 
partial units. The organization of the series into a 
single whole was not achieved. 

The animals falling under the second classification 
differed somewhat from each other with regard to 
the course of pattern cleA^clopment, Subject V, which 
failed on Step XIV, showed some evidence of de- 
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velaping boih the secoatl and third stages tiE the pat¬ 
tern, but progress was retarded by the appearance of 
such antagonistic patterns as starting in the wrong di¬ 
rection and running annind the cage ^vilhout stepping 
on plates. 'I'hc true pattern linally gav-c way entirely 
to these antaganisiic pallcnis and the monkey made 
failure trials consistently until she became inactive. 
Subject F failed on Step X. Jn this case the three 
stages of patterned development followed each other 
in rapid order during the first few days (jf training on 
the step. There appeared very soon, however, a rever¬ 
sion to the second stage. With its reappearance, this 
phase took on the inferior form of completely breaking 
off the pattern at the second and sixth plates in the series 
instead of merely hcsiuiing at these points. Later 
even this patterned behavior disintegrated. Siubject 
A failed on Step XXIII. Mere again paiicrned be¬ 
havior developed to the point of frequent perfect: trials 
and then revened to the j>fage of partial palierns. A 
frequent shifting back and forth between second and 
third stages went on for a long period of time, Finally 
a definite tendency to omit plates at the beginning of 
the series developed and then frequent running around 
the cage without touching plates until the true pattern 
habit became totally disrupted. 

Summary 

I. The limits of learning on the Jenkins problem 
apparatus were found for fourteen young rhesus mon¬ 
keys. The limits ranged from 2 to 22 steps, with a 
median of 5 and an average of 7.43. If an c.vceptioii 
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is made of one inferior animal, the median would be 
raised to 6 and the average to 7.86. The differences in 
limits seemed to be due primarily to genuine individual 
differences in ability to learn. 

2. The males were found to be far superior to the 
females in terms of the limits actually reached. The 
number of steps learned by the seven males ranged 
from 3 to 22 with a median of 9, while the number 
learned by the 7 females ranged from 2 to 13 with a 
median of 4, 

3. No evidence was found for the development of a 
generalized solution to the problem, such as that in¬ 
volving "the addition of another plate” from stage to 
stage. 

4. The learning scores (trials, errors, time) and 
original activity scores (plates depressed, quadrants 
traversed) on the advanced problem were found to 
be extremely variable for the individual, and for the 
several steps. The variability here seemed to be due, 
in the main, to differences in individual reaction ten¬ 
dencies, to differences in transfer effects from stage to 
stage, and to genuine individual differences in ability 
to learn. 

5. The time and error curves on Step IV were of 
the usual descending type. Those for Step V and on¬ 
ward tended to start rather low, rise to a peak, and fall 
again. The initial approach to the new step thus 
seemed to offer less difficulty than a later part of the 
learning process, 

6. Step IV appeared to be relatively difficult since, 
first, 4 of tile 13 subjects failed at this stage, and, sec- 
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ond, the lcarnin{f and aclivity scores for those subjects 
which did learn werCj on the average, unusually poor. 
This Avould seem to be explained by tlie introduction 
into the task of a reversal in the direction of running. 
Beyond Step IV there appeared to be no consistency in 
terms of trials, errors, time, plates depressed, and quad¬ 
rants traversed in the difficulty of the various steps for 
the group as a whole or for the individual animals, 

7. No significaiu relationship was found between 
the number of steps learned and the number of trials 
required to learn the various steps. This was taken 
to mean that the two sets of scores were measuring 
different types of functions. The former may be re¬ 
garded as somewhat analogous to the power and level 
tests in human work; the latter to speed of learning on 
tasks lying well within the range of the subjects. 

8. Three stages were distinguished in the develop¬ 
ment of the patterns on each o£ the various steps from 
V to XXII. These stages were: (I) repetition of the 
pattern learned on the preceding step; ( 1 ) a breaking- 
down of the larger paitcrn into smaller units or partial 
patterns; and (3) final development of the total pat¬ 
tern, 
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A COMPARISON OF MONKEYS, KITTENS, 
AND RODENTS 

It will be of interest to compare the results obtained 
in this study on monkeys with those secured by inves¬ 
tigators on various other mammalian forms in the 
Columbia Laboratory, those by Shuey (27) on kittens 
and those by Riess (ZS) on white rats and guinea pigs, 
making use of the same apparatus and procedure. The 
procedure of Shuey differed somewhat from that used 
in the other studies. Instead of requiring the animals 
to depress plate 1 (Step I), she permitted the kittens 
to begin the series on any one of the three plates. Since 
this plan was less arbitrary, it probably made Step I 
somewhat easier for the kittens. This would also 
mean that the reversal of direction on Step lY (ad¬ 
vanced problem B) would vary somewhat among the 
kittens, depending upon the direction in which they 
started. Moreover, the kittens were required, after 
learning the three steps, to learn the reversal of the 
series before being required to add another plate. On 
account of this interpolation, Step V for the kittens 
corresponds to Step IV for the monkeys. The extra 
practice on this interpolated stage may have favored 
the kittens on the later task on which the limits were 
tested. Another difference in Shuey’s problem was 
that the second reversal came with the addition of the 
seventh instead of the sixth plate, as with the monkeys. 
No opinion can be given as to whether the difference 
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jn the point of reversal favured the kittens nr not. On 
the whole, the above dififerciiccs irt procedure in 
Shuey's work probably were not important enough to 
have influenced the average number of steps learned 
by the kittens, alihougli they did doubtless influence 
the si^c of the scores. It is signilicant that only two 
of the kittens went as far as Step V, which corresponds 
to Step IV for the monkeys. 

The limits reached (number of steps learned) by the 
several species can be summarized as follows; 



KAttKc 

Median 

Average 

Ciuinca 

01 

1.0 

O.J 

Rill 

<S‘2 

1.0 

U,« 

Klllcnji 

1^7 

3.0 

j.ti 

Manbeyg 

t~22 

j.O 

7.4 


The number of animals of the various groups, ex¬ 
pressed in percentages, which learned the several steps 
is shown in Table 29. The percentages arc based on 
the total number of subjects fur which limits were 
found. As will be seen, there is relatively little over¬ 
lapping except between the two groups of rodents. 
Only 10 per cent of the kittens did as well as SO per cent 
of the monkeys, while none of the rodents did as well 
as 100 per cent of the kittens. Furthermore, 42.9 per 
cent of the monkeys went beyond Step VI I, which cor¬ 
responds roughly to the upper limit found for the 
kittens, 

It is significant that Step I was found to be especially 
difficult for the monkeys and the kittens. The same 
was true of Step IV which involved the introduction 
of the first reversal of direction. The relative clifli- 
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'I'ABLK 29 

COMl'ARISON OF i\'IONKBYS, KlTTRNS. RaTS, AtJD GuiUBA PlQS 
SllOlVWtJ PimCENTACK OB SUBJECTS WhICH LeARNED 
TUB Various Stefs 


SlepB Icnrucd 

MonlicyR 

KUlcna 

Rnta 

Oiiincii piga 

r 

100.0% 

100.0% 

iSS.C% 

53.3% 

tl 

100.0 

100.0 

22.9 

0 

in 

92.9 

lOO.O 

0 


IV 

(i4.3 

20.0* 



V 

iO.O 

20.0 



VI 

50.0 

10.0 



VII 

A2.9 

IQ.Q 



VTIJ 

‘12.9 

0 



IX 

35.7 




X 

U.& 




XI 

2&.C 




xrr 

2i.6 




XIII 

14.3 




XIV 

7.1 




XV 

7.1 




XVI 

7.1 




XVII 

7.1 




XVIII 

7.1 




XIX 

7.1 




XX 

7.1 




XXI 

7,1 




XXII 

7,1 




XXIIt 

0 





•TUIh iji ihc rcHiili for Sicp V which currcB|ian(lfl to Siep IV for the moJ»- 
hcys, 


ciilty of the steps beyond this point does not follow 
any definite order for either the monkeys or the kittens. 

The comparative scores pii the several steps of the 
basic problem are shown for the various species in 
Table 30. As previously noted, there is no consistent 
relationship between the learning scores (trials, time) 
and the limits reached by the individual animal. More¬ 
over, as shown by the tabic, there was no definite re¬ 
lationship between the learning scores and limits for 
the various species, For example, the guinea pigs 




TABLE 30 

Showing Measures of Central Tendency and V'ARJABiLiTk* in Trials and Minutes 
Monkeys, Kittens, Rats, and Guinea Pics on the Various Stefs of the 
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made lower scores tliaa the rats did on Step I. On 
the whole, the scores for the kittens are much better 
than those for the monkeys. These facts seem to cor¬ 
roborate the point stressed in the earlier discussion 
that the scores on the several steps are measures of one 
thini' and the indices of limits of another. It is clear 
also that the latter rather than the former indicate 
the levels of Jearniiig capacity for the individual and 
the species. 

7'hc question may be raised as to the significance of 
these comparative results. Do the limits of learning 
ability on this specific task represent general levels of 
learning capacity for the several mammalian types? 
This question can hardly be answered categorically at 
the present time. Further corroborative evidence 
would seem to be necessary, involving variations in this 
type of task and perhaps other types of tests, It is 
evident that rodents, kittens, and monkeys differ 
markedly in levels of learning capacity on this par¬ 
ticular typti of task. In view of other observations 
and experimental work on these forms, it seems likely 
that the differences indicated arc representative. It 
seems highly probable that the order of learning abili¬ 
ty here found indicates roughly the general level of in- 
teJligence of the species tested. 



VI 

GENERAL SUMMARY 


A group of seventeen young rhesus monkeys Averc 
tested in the Jenkins problem apparatus on a task con¬ 
sisting of a series of steps of increasing complexity. 
The limits of learning, i.c., the most complex steps the 
animals were able to master, were found for only four¬ 
teen animals, since three were eliminated for reasons 
other than inability to learn. Each subject was trans¬ 
ferred from one step to the next as soon as it reached 
the required norm of mastery (nine perfect trials out 
of ten) and was advanced from step to step until it 
failed to learn a given step. At the point of failure, 
the subject was eliminated from the experiment, and 
the last step learned was taken as the limit of ability for 
that animal. 

For convenience, the study was divided into two 
parts: a basic problem consisting of tlic first tlirce 
steps, and an advanced prubfem consisting of more 
complex patterns. In addition to limits of learning 
for each animal, learning scores (trials, errors, and 
time) were secured on each of the several steps. 

Die following conclusions may be drawn from tliese 
results: 

1. The limits of learning ranged from 2 to 22 steps, 
with a median of 5 and an average of 7.LL 'Llie mon¬ 
key thus appeared to be jiiarkcdly superior to such 
mammals as the kitten as tested by Shuey (range, .1 to 
7; average, 3.6), the white rat (range, 0 to 2; average, 
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,9), nnd the guinea pig (range, 0 to I; average, .5) as 
tested by Riess. 

2. The males were foiinrl to be definitely superior 
(range, .1 to 22; median, 9j average, 9.6) to the feirmles 
(range, Z to 13; median, 4; average, S.3) witir regard 
to number of steps learned and also \vith regard to 
speed of activity. Hnwever, this difTerence did not 
hold for scores in trials and errors, or for the quadrant- 
plate ratio. 

2. No evidence was found for the development of 
a generalized solution to the problem, such as that in¬ 
volving “‘the addition of amilher plate" from stage to 
stage. 

4. The di/Terenccs in learning scores and in original 
activity scores from individual to iitdividual and from 
step to step were very marked. These difTerenecs 
seemed to be due, in large measure, to difTerenecs in 
specific reaction tendencies of the individuals, to dif¬ 
ferences in transfer cITccts, and to genuine indivitlual 
difTerenecs in ability to learn. Jn liie early part of 
the experiment (basic problem) tlifTerenccs in tame¬ 
ness, in playfulness, and in the formation of certain 
stereotyped errors of ilie position-liabit type may also 
liavc played some part. 

5, It was found that (he various steps of the prob¬ 
lem on tills apparatus do not progress by equal differ¬ 
ences ill difliculty. 'I’im initial formation of the plate 
habit would seem to account fiir the iJiflieulty of Step 
I; ilie initial reverstd of direction probably accounts 
for the diniculty of Step JV. 'I'lic relative difliculiy 
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of the other steps varied considerably from animal to 
animal. 

6. The form of the learning curves (Vincent 
method) varied considerably from step to step. The 
curves (error, time) for Steps 11, III, and IV ’were 
of the usual descending type. Those for Step 1 were 
in general characterised by a sharp initial rise preced¬ 
ing the descending trend. The curves for all of the 
later steps (V to XXII) also tended to start relatively 
low, rise to a peak, and fall again, However, in these 
steps the rise did not occur consistently at first. 

7. No consistent relationship was found to exist 
between speed of learning on the several steps and the 
limit of learning finally reached by ibc individual. It 
was argued that the former probably measured speed 
of learning while the latter gave an indication of gen¬ 
eral level of ability. 

8. Three stages were distinguished in the develops 
raent of the patterns on each of the viirinus steps from 
V to XXII. These stages were: (I) repetition of the 
pattern learned on the preceding step; (2) a breaking- 
down of the larger pattern into smaller units or partial 
patterns; and (3) final development of the total pattern. 
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LES L1M1TE5 UE L'AmTUDE A APPREN’DRE CIlEZ l.lvH 
SINGES RMfiSUS 

(K^HurnO 

On n tcii^ 17 jcunei liiiRei rhfMm Hur une Uche ctimpaifc d'Mtic nfric 
(|'£m(]eR (ie corniilcxiif nuKHieiilanie, tn cmplnyani la lIuUc 4 ]'ri(M^mc!i tie 
Jenl(ini iintiiUrdip^e A CnKimlun UiiivcraUy. Cci apparcil camprcnil irni!i 
pinqucii tie reaction, avcc dn fill jlcclriqucj pour fairc uii time, iiiiicii 
dam Ic plitnclicr du compartimciil principal. I.a (Ache diinii^e aux Hujcli 
a compriB la diprcsiloh d'uiie itu |il(iii ile cci plittpici dAin iin rirdre ipcci* 
(ique puur lAchcr k porle du compiirliincni ccniral, ijiii cniiicnaii ilc In 
iiourriiiire. On n Au^rncnifi U cumplcxii^ dc In lAche cn njmiliirii lica 
platjuci, unc A In (uiij chaque sujei iiiiu iranikrf d'unc £iQpe A In pru' 
chDiiie immidialemeni nprAi Eire irriv^ & In nnrnic rrquiic tic mniiriie 
(nciif ^preuves pnrfnllcn aur dix], el avinci d'unc (inpc h I'nulre junqii'A 
lie |ins apprcndrc une clape ilontidc, A celU dernlere clApc an a eliinifi^ 
le Bujel tie I'cip^riciicci cl In derniire Alope nppiiBc n M ciin»id^rk In 
limilc dc rnpiiiudc dc rci nnimnl. Le criiAre de I'iiiPiKi'Cn puur leu prcinkrei 
^inpcB n dc 2000 ipreuv'ei. Pour lei einpcs iiuivaiucR cm n cmplovi ou 
lOQO iprciivca bciIvcb ou IQO £prcuvca iiiccciiivci non r^ucBicB. On n ctn- 
plciyi cumme slltnulnnii un rniiin lec ci un marcenu dc poinmc Je m&me 
grandeur. On a mainicnu unc roiiiine riRidc pour le pronramme i|uiirnlicn 
ct I'un s'eit servi coiiBlninmcnt d'uii rtinime Blandardinf. On a fan alien* 
linn BUrlDul A npprivoiicr lea jujela el 4 lea ndupicr 4 l'h|iparcil. On a cx* 
cluB leii Blimull iroublanii dc rexpArimciiiflieur ei du milieu cnvirnnnnnt 
A un haul dcj^ri uu moycn tl'un krnn lakiani pniier In lumkrc d'unc ncuk 
direciiun niiiour dc I'appnrell. du linurdonncrnciu coiuuni d'lm ^vciilail 
AleciriquCi et dci potlcB qui ne IniaiAiciu |ia» pnincr lea nnnii. On a irnuve 
dcB llinilcii pour 14 aingei, Le nnmlirc tPAlopu oppriaca n vnri^ de 2 A 22, 
nvec un mAdinnc dc S ci une moyenhe dc 7,43. Lea aingen ac Btinl mniilr^j) 
irAa aiipAricura iiiix mammififeii icii que Ic diAion, Ic rni hlnnc ei Ic cothon 
d'lnde, icaifia pur (rnuirca nur dci pralilimci lemhlahlei dam le iikme 
type d'oppnrcil. ten dilf^rentci del rAiuluii dc rnpprciuiaaaRc enirc lei 
divera aiijcls ct ]ea divcrica Onpei oni irAa mnri|u^ci. Cca dilTtlrcncca 
one aemlilii duea principalcineiU mix ilin^rcncea dani lea lendnnces nut 
rfaclionn apfcillqiiBA clicz Ics lujela individiiela, nux dilTArencra dniin lea efleh 
dll irfliiifcrt ct A dc vrnlca diflfrchcci Indivlduclles daitn I'npliiuilc A iip- 
prcndrc, Niillc relniion consiatilc ne a'enl mnnirdc ciilrc In vilcaac dc 
I'apprentlaiaRe dea divcncH £inpea ci In limiic dc I'apiireniiaiQgc A liiqucllc 
Ic Bii]ei mdlvidiicl eai enfin arrive. 

Fjimi 
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Dili GHKNZEN UFH LI-HNFVXHJCJKEIT BE! RHESUS ArPEN 
(MACACUS RHESUS) 

(HcCcrai) 

Es wurdcn 17 junijc Khcsua Affcn nn eincr Aulgabc Kcprilh, die am 
cinei- AurKalichncric von Miifcnmiae aunchitieiuler Komiiiiiicriheii Lcsiand. 
Es nurtle 7u ikn Ptiifuni^cn dcr Jcnkln-i AufHBbcknsicn [Jcnkina I'roblein 
llo*l, so wic cr an tier Coliirnliln Univcrs'iiy iianilariliBicrt wurde, ven- 
irriiJci, IJjssrs Apparai sihlicisi drei llcnkiioUJiplaiieii in aicli ein, ^ie 
7vir llcranfiihrunH clnes elckiriKhcn Schoches mil Drnlu verachen sInd 
laired fur shtickj iind auf dem linden dca Tlnuimeilea Jeb Appnraiee 
licRen. Mir dcii VcniuchsiiErcn voikcIbbIc Auffintu lesifind dnrtn, dass 
bIc cine iidcr mchrcrc dicier I’laiicn In eincr Rcwisicn Anordnung lierobzu- 
tlriickeri haltcn, um die Tiire tier tcnirnlen Abieihing, ivclche Fuller entbieJlj 
frei JIM IcBcn, Uic; KornpliBicrihcii der Aufgnbc iivurde dadurch erhahl, 
dniB man nllinHhIich Plaiicn, cine nach der ctidercn, Innzufiigtc, Jedes 
V'ctHiiehaltcr ivurde von diner Siu/c 2 u dcr nilchafen pramoviert, 90 bald 
Cl tlic crfordcrliche TiichllgkciMnonn crreichi hnlie, Dieae Norm bestand 
darln, dais von ID Vcriuchcn 9 perfekt auafnllcn muaatenj und das Tier 
yurde sinfcntvciHe nvancicrl, liii ci eine Siufe errcichie, dcren Demciaterung 
ihm nichi uclarijf. Maim made Jos Tier voit den Versiichen auigeachaltet. 
I>ie leixie brivilluVie Sink gnli ah die Grenze der Pahigkeit [limit of 
aliiliiyj dca fn Anjpruch knmmeinjen I'icrcii. Auf den fruheren Siiifen 
Rnlien 2000 Venuche nln Krilerium dea Fchlcna [criicrion of failure], nuf 
dcii ipKiercn Siiifeti cnivvcdcr lODD akeive Vcrsuchc odcr 100 nufcfnandcr- 
fplKcnde miaKliicku [lucceiaivc fnilurc Irlala]. Als Anspornimgcn dienten 
cine Hojitie und ein Siiir'k Apfcl von der iclbcD Griisie. In Bezug auf dits 
lUgliche Progrnmm vvurdc aircng nn cine Rouiinu und an eitie Nor- 
maldlHi gchalicn. Man nrhieie lieaoiidcra dnrntif, die V'craiiclisticre zu 
K^hiBcii und lie item Apparni anziipaitcn. Venvirrctidc Reizc von Seite 
dcB VcrBuchalcilcra odcr der UmKchung warden in Uolicm Mnase ouage- 
Bclinliei durcli eineit cinutdlincn [one-way] das Apparat um^benden 
Eichmebirm acrccn], dna liealilhdige Suinincn tinea clcklrischen 

Fiinheri, iind larmHlillende [Hnund-proofJ, in das Verauchszimmer hinein- 
fdlircculc 'I'ilrd. Kfi wurdcn die Grcnzen dcr Lern/iiJiigkeir nn 14 Affeii 
beaiimini. Hie Znlil dcr licmritncrlen Siufcn vnriirte zwiachen 2 und 22, 
Die Miilclzahl [median] licinig I iind die Durchschnillszolil 7.41. Die 
Affcn erwicaen aid) nis nndcren Situgeiiereiii wie 7.um lleiapiel fCdtzchen, 
welNien Rallen, und Meeracliwcincbeii, bcaliirimt ilbcrlcgcn. {Dicae nnderen 
iSDiigetierc iind von anderen Yersuclialeiiern an iilinijchcn Aiifgnbcn mit 
dcr Bciben Art vnn Apparal gcpriifi worden.) Ea %ciglcn sich ausgepragte 
Ifnicracliicde zSviachen den von vcracliicclcncn VcraiichsLi^ren und an 
verHclucclenen Suifen in ilm PriifunRcn erzielten Znlilcn {learning scores]. 
Dicac llnlcrachicdc aclilcncn groaaenlcna durch Unicrachiede in Bezug auf 
licaoiulcre Rcakhonanciguiigcn frcnclion lendcnciea] der indivjdiiellen 
Versvichslicre, Unicracblcile In Bezug auf die Einwirkungen der Ubertrn- 
KUiiK [irniisfcr clfccla] (Ubcriragung des Gelernten auf neiie Aufgnben), 
unil cchlc inrlivrditcllc UntcrRchledc in Ilezug auf Lcrnfjihigkeit bealjmrnt 
7U Ncin. Man fnnd keiiic hcaiaruIlKC Beziebung '/wlaclicii der Sclinelligkeit, 
mil ilcr die ciiirdiicn Suifeii crleriu wurdcn, eineraciis, und tier von dem 
iiidividticllen VcrBUclialier aclilieaslklii errcichlcn Grenze dcr Lernffihig- 
kcii iindcrHciia. 


Fjeld 



l.lMIta OF UEARNINC ABILITY IN MONKBVS 


537 


DIK GKICNZEN UFH M-HNFVXHJCJKEIT BE! RHESUS AfPEN 
(MACACUS RHESUS) 

(Rcfcrai) 

Es »urdrn 17 jungc Khcjuia AITeii on ejncr Aulgabc ^cprilh, die am 
ciner AufKalichncric von sinfciOTcise aufichitieiuler Koimiiiiicriheii Lcsiand. 
Efl ivurtic 7u ikn I'tufuni^cn dcr Jcnkln-i AufaBhckusicn [Jcnkina I'roblein 
110*1, so vric cr an tier Coliimliin Univcrs'iiy iianiLariliBicrt wurde, ven- 
irriMlcl. UissKfl Apparai sihlicisi drei llcnkiioUJiplaiieii in sicli ein, ^ie 
7.nr llcranluhruna ciiies elckiriKhcn Schoches mil Drnlit verachen sInd 
l»lred fur shuckj iind auf dem linden dca Tlnupileilea deB Appnmlcs 
lic^eh. life dcii Veniuehsiiercn variicle((ic Aur^nbe bcairiiid darin, dasa 
ole cine iidcr mchrere dieaer I'ladcn in clner RcwiBRen Anordnung licrabzU' 
driickeri haltcn, uin die Tore der tcnirnlen Abicihing, ivclche Fuller enthiellj 
frcl %u IcRcn. UU Knrnplizierihcii der Aulgnbc wurde dadurch erhSht, 
dnno man nllmHhIich Plaiicn, cine nach der enderen, hinzufiigte, Jedes 
V'ctminhatter ivurde von einer S(ii/e 2 u dcr ndchaten pramovierr, sa bold 
ca ilic crfordcrliche TiichllgkciMnann crreichi hnlle. Dieae Norm bestapd 
darin, daoa von ID Verauchen 9 per/eltt auafnllcn muaatenj und das Tier 
yurde slufenweiHe nvancicrl, Ills cb cine Siufe crrcichie, dcren Demciaterung 
ihm nichl Kclaritf- Dniui tvurde dns Tier von den Versnehen auageachaller. 
Die leizic bciv^liigic Sink k^Ii ah die Grenee der Fahigkeit [limit ol 
ahlliiyj Uca In Anapruch knmmenden Ticrcii. Auf den /riilicrcn Siiifeti 
nnlien 2000 Verouche nU Krilerium dea FchlEna [criicrion of failure], nuf 
dcu ipKierch Siiifen enivvcdcr 1000 nkeive Vcrsuchc odcr 100 nufcinandcr- 
fplgcnde miaghicku [Hucceiaivc fnilurc trials]. Als Ansporniingcn dienten 
einc Kosine uiiil ein Siiir'k Apfcl von der aelbcD Grdsie. In Bezug auf dits 
lURliche Progrnmm Nvnrdc sircng an cine Rouiine und an eiiie Nor- 
maldlHi gchalicn. Man nrhieie beaoiiticra dnrntif, die V'craiiclisticre zu 
Kilhmeii und aie item Apparni anziipaascn. Venvirrcndc Reizc von Seite 
dci VerBuchalcilcrs oiler der UmKchung warden in holicm Mnase ouage- 
aciinliei durdi eineii cinstlitigcn [one-way] das Apparat umgebenden 
Mcliinchirm [liglil acrccn], ilna licalilhdige Sumincn tinea clcklrischen 
I'rirlierB, iind larmHiillende [Hnund-proof], in das Verauchszlmmer hineln- 
fiilirctulc 'rtlrc- K« wiirdcn die Grcnssen der Lern/liliigkeit on 14 Affen 
beaiiinini. Die Znlil dcr hcmeitiicrlcn Suifcn vnriirte zwischeii 2 und 22. 
Die Miilclznhl [median] hcinig ^ und die Durchschnillszolil 7.41. Die 
Affen erwieaen aicli tils andcren SHugeiicrcn, wie 7.um Heiapiel Kdtzchen, 
weisacn Rnllen, und N-Iccracluvcintbcn, healiininr ilbcrlegen. {Dicae nnderen 
SnijRetiere sind von anderen Vpisuclisleilcrn an alinlichcn Aufgnbcn mlt 
dcr Bcllien Arl vnn Apparal gcpriifi worden.) Ea iciglcn sich auagepraEte 
ll’nicrscbicde zSviachen den von vcracliicclcncn VcraiichsLl^ren und an 
verHclucdenen Slufen in den PriifunRcn erzielten Znlilcn [learning scores], 
Diese llnicrschicdc acliicncn groasenlcria durch Unlcrachiede in Bezug auf 
licsonclcre Rcakhonanciguiigcn [rcnclion lendenciea] der indivjdiieuen 
Versuebslicre, Unicrscblcde In Hezug auf die Einwirkungen der Ubertrn- 
KUiiK [iraiisfcr cffccla] (Ubcrirapung des Gelernten auf neiie Aufgnben), 
und cchlc iiuli vrditcllc UntcrRchledc in llezug auf Lcrnfjihigkeit besljmrpt 
zu Ncin. Man fnnd keiiic hcairlndlgc Heziclning zwlsclicn der Sclinelligkeit, 
mil dcr die ciiirdncn Slufeii crlemi warden, eineraciia, und der von dem 
individuellen Vcrauclislier acblieaslidii errciclilcn Grenze dcr Lernfrihig- 
kcli Jindcraciia. 
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